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Editorial 


Clinical Aspects of Some Diseases of the Small Arteries and Arterioles 


LTHOUGH the smaller blood vessels 

constitute a large part of the blood vas- 
cular system, little interest in or knowledge of 
their diseases was evident until within recent 
years. 

Even now the state of the small blood ves- 
sels in such well-recognized conditions as 
thromboangiitis obliterans and arteriosclerosis 
obliterans is largely unknown. Atheromas 
have been identified in arteries as small as 
500 microns in diameter, but further study 
is necessary to determine how widespread 
such changes are and how important they 
may be clinically. Particularly is a study 
needed in which the histologic findings of 
atherosclerosis of the small arteries are cor- 
related with the clinical findings in eases in 
which the larger arteries are not occluded by 
atheroma and thrombi. 

It has been shown only recently that hyper- 
tensive changes occur in the arterioles of the 
skin of patients having essential hyperten- 
sion that are similar to changes long known 
to be present in the arterioles of the ocular 
fundi, the pectoral muscles, the kidneys, and 
other viscera. That these changes must be 
of clinical importance in essential hyperten- 
sion may be surmised from the fact that the 
skin contains a large part of the smaller 
blood vessels in the body. Of interest, and 
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perhaps of significance clinically, is the find- 
ing in coarctation of the aorta that hyperten- 
sive vascular changes are present and are of 
equal degree in the skin of the calf and of 
the arm. 

A group of diseases clinically different but 
having somewhat similar histologic changes 
in the arte ioles includes  acrocyanosis, 
livedoreticularis, chronic pernio, and hyper- 
tensive ischemic ulcers of the leg. The pre- 
dominant changes are varying degrees of 
arteriolar spasm and arteriolar sclerosis. 
Except in hypertensive ischemic ulcers, angii- 
tis obliterans may involve the capillaries and 
venules; in eases of livedoreticularis and 
chronie pernio thickening of the wall and 
obliteration of the lumen of venules have been 
observed. The changes are not the result of 
local inflammation in the skin and subecutan- 
eous tissues because they occur in _ places 
where objective evidence of inflammation is 
absent and ulceration has not developed. 

In all of these conditions when sponta- 
neous ulceration occurs, the evolution of the 
lesion is similar and suggests that arteriolar 
changes lead to infarction of the skin with 
the development of an ischemic type of ulcer. 

These diseases, like Raynaud’s disease, 
occur predominantly in women. The ex- 
planation of this is not clear. Chronie pernio 
(chronic chilblains) has been considered to 
occur in women more frequently than in men 
because women do not protect their legs and 
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ankles adequately from cold. This also may 
be an explanation of why complications in 
livedoreticularis, including ulceration in the 
legs, are seen more often in women than in 
men. Hypertensive ischemic ulcers of the leg 
occur mainly in women more than 60 years of 
age who have had moderate to severe hyper- 
tensive vascular disease for many years. One 
explanation suggested for the predominance 
in women is that fewer men than women hav- 
ing severe hypertensive vascular disease live 
to the age of 60. 

Most diseases of the smaller blood vessels 
being considered herein have predominant 
clinical manifestations in the skin in all cases 
and chronic ulceration occurs in some cases. 
When ulceration occurs from infarction, the 
initial lesion is similar in all of these condi- 
tions. Usually the first noticeable abnormal- 
ity is a painful red plaque on the skin that 
becomes blue and purpurie within a week or 
10 days. A hemorrhagic bleb then develops 
on the surface of the initial lesion and this 
breaks down to form the typical superficial 
ischemic-like ulcer. The surface of the ulcer 
is usually sensitive and may be very painful, 
especially when not covered to prevent dry- 
ing out and exposure to the air. 

Acrocyanosis is characterized by persistent 
coldness and blueness of the extremities, 
usually of the hands and feet. Most patients 
are women; they complain of almost constant 
coldness and bluish coloration of the hands 
and feet of long duration and more marked 
during cold weather, although both may be 
present to a less extent in a warm environ- 
ment. Blanching such as is seen in Raynaud’s 
disease does not occur. Some swelling and 
puffiness of the involved parts may occur, 
particularly in cold weather, and localized 
regions may become painful or tender. 
Trophic changes and gangrene do not occur 
in acrocyanosis and ulceration is rare; if 
present it usually is the result of some local 
injury. In almost all cases, acrocyanosis is 
a relatively innocuous condition. Because of 
the marked blueness many women are con- 
cerned about the uncomely appearance of 
their extremities and some patients fear 
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gangrene because of the alarming color 
change. 

Livedoreticularis occurs in women or men 
of any age. A reddish-blue discoloration with 
a network-like pattern is characteristic. The 
legs are usually involved although occasion- 
ally the arms and more rarely the body are 
involved in the peculiar discoloration. The 
degree of discoloration may vary but some 
is always present; exposure to cold may in- 
tensify the bluish discoloration. Some _ pa- 
tients complain of coldness, numbness, ach- 
ing, and paresthesia of the feet and legs. In 
most instances the color changes and the 
discomfort will be the only symptoms the 
patient observes. However, in about 10 per 
cent of the cases recurrent ulcerations de- 
velop in the skin of the legs. 

Livedoreticularis may be symptomatic of 
other underlying diseases such as systemic 
lupus erythematosus and periarteritis nodosa, 
or it may be a primary idiopathic condition. 
In the symptomatic type livedo is likely to 
be of a patchy and disseminated nature, 
whereas in the idiopathic type the reticular 
pattern is of a diffuse and more or less sym- 
metrical pattern. 

In many cases livedoreticularis is not of 
serious significance and is only important 
from the cosmetic standpoint. In cases of 
the symptomatic type, the underlying disease 
rather than the livedoreticularis will deter- 
mine the eventual prognosis. 

Chronic pernio (chronic chilblains) usually 
affects women in their thirties and forties who 
are susceptible to cold and who have large 
legs with an extra deposit of fat in the sub- 
cutaneous tissues. The disease is characterized 
by recurring erythematous and _ ulcerating 
lesions of the lower extremities. In the early 
years of the disease the lesions always appear 
at the onset of cold weather and disappear 
during the summer. They go through a cycle 
extending over 3 to 6 weeks. Considerable 
pain may be present, but as ulceration pro- 
gresses the pain tends to subside. The ulcers 
heal spontaneously leaving a pigmented scar. 
After the disease has been present for several 
years the lesions also may occur during the 
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summer, particularly if the patient is living patients low on the posterior lateral surface 
where there are intervals of cool days during of the leg. The ulcer often enlarges by a 
the warmer summer months. After many process of extension of the purpuric hemor- 
recurrences of the lesions, scarring and pig- rhagic portion into the normal skin around 
mentation are permanent and may be disfigur- the edges of the ulcer and by subsequent 
ing. If the patient is seen during a period breaking down of the skin. When the ulcer is 


when the disease is quiescent or if the disease 
is long-standing and associated with much in- occur more rapidly and the details of the 
flammation and induration, the diagnosis will early processes may not have been noted by 
be more difficult to establish. the patient. 

Hypertensive ischemic ulcers occur pre- 


initiated by injury, these early changes may 


The fully developed uleers have 
ranged in size from 1 to 15 em. in diameter 
dominantly in women between 50 and 70 and they are often painful. 
years of age who have had essential hyper- 
tension for many years and who have changes 


The patient may 
come to the physician seeking relief from the 
severe pain rather than for healing of the 
in the ocular fundi of chronic hypertensive ulcerating lesion. In some lesions a thick 
vascular disease. The ulcers may occur spon- membranous eschar 
taneously but are often initiated by minor Almost all lesions heal eventually, but heal- 
injury. They are located most often on the ing may require weeks or even months of 
lateral surface of the ankle but occur in some treatment. 


forms over the ulcer. 


Epear A. HINEs, JR. 


Medical Eponyms 
By Rosert W. Buck, M.D. 


Raynaud's Disease. “Local Asphyxia and Symmetrical Gangrene of the Extremities” 
(De Vasphyxie locale et de la gangréne symétrique des extrémités) is the title of a thesis 
submitted for the doctorate in medicine to the faculty of Paris, February 28, 1862 by 
A. G. Maurice Raynaud (1834-1881), then interne in medicine and surgery. Like more 
than one other Thése de Paris, this has become a classic. The following quotation is 
found on page 17: 

“IT propose to demonstrate the existence of a kind of dry gangrene affecting the 
extremities, which it is impossible to explain by vascular obliteration; a kind which is 
characterized particularly by a remarkable tendency to symmetry, in that it always 
affects similar parts, the two upper or lower extremities, or all four at once; further, in 
some instances, the nose and the ears, and I shall endeavor to prove that this species of 
gangrene is caused by a disorder in the innervation of the capillaries . . .” 





Pulmonary Heart Disease 


With Emphasis on Electrocardiographic Diagnosis 


By Ropert N. ArMEN, M.D., F.A.C.P., Mitton Kantor, M.D., Anp NeLson J. Weiser, M.D. 


The diagnosis of cor pulmonale presents considerable difficulty in its earlier stages. Clinical symp- 
toms are not available until the right heart fails and the only reliable sign is right ventricular hyper- 
trophy, which is not easy to demonstrate. The purpose of this investigation is to evaluate electro- 
cardiographic patterns of these patients as a more practical means of diagnosis. Sixty-seven patients 
with cor pulmonale are included in this study, which endeavors to point out degrees of correlation 
between various electrocardiographiec patterns and clinical factors, such as stages of the disease, 
its severity, its etiology, and the anatomic changes of the right ventricle. It also evaluates the 
degrees of specificity of the various patterns encountered in these patients. 


HE clinical diagnosis of early right-sided 
heart disease presents greater difficulties 
than does that of its counterpart, left-sided 
heart disease. Once the full-blown pattern of 
venous engorgement, hepatic congestion, and 
peripheral edema dominates the clinical pic- 
ture, no substantial difficulty is encountered in 
the recognition of right-sided decompensation. 
At this stage the clinician has practically no 
need for further laboratory or clinical tests; 
the physical signs suffice. However, without the 
clear-cut picture of congestive failure, and espe- 
cially in borderline stages, or before the ad- 
vent of early failure, it takes more than the 
clinical skill of the physician to establish the 
diagnosis of pulmonary heart disease. This 
difficulty is often compounded by the presence 
of the signs and symptoms of the chronic pul- 
monary disease itself, the etiologic factor 
responsible for the right-sided heart disease. In 
a great majority of cases chronic pulmonary 
disease is characterized by pulmonary emphy- 
sema or some form of pulmonary fibrosis. The 
third major cause of pulmonary heart disease, 
namely, the various forms of disease in the 
pulmonary vessels as described by Mack and 
Snider,' has no bearing on the subject of this 
paper and will not be discussed in detail. 
Short of the stage of congestive failure it 
becomes almost impossible to determine clini- 
cally where chronic chest disease ends and 
right-sided heart disease begins, unless one can 
demonstrate hypertrophy of the right ventricle, 
From the Medical Service, Veterans Administra- 
tion Hospital, Wilkes-Barre, Pa. 


or abnormal pressure changes in the right side 
of the heart or in the pulmonary artery by 
means of cardiac catheterization. This latter 
means of diagnosis is not generally available 
except in larger medical centers and is not 
sasily practicable. Therefore, methods of recog- 
nition of the early hypertrophy of the right 
ventricle remain the only practical means of 
establishing the advent of clinical right-sided 
heart disease. In the great majority of cases 
arly recognition of right ventricular hyper- 
trophy is uncertain. The only means are by 
radiologic or fluoroscopic methods and by elec- 
trocardiography. Radiographic determination 
of right ventricular hypertrophy poses con- 
siderable difficulty and requires special training 
and special technics. Of all the cardiac cham- 
bers, enlargement of the right ventricle is the 
most difficult to demonstrate roentgenologi- 
cally.2 Obvious right ventricular enlargement 
demonstrable in a posteroanterior or oblique 
chest film is mostly due to dilatation of the 
chamber rather than actual hypertrophy alone 
of the wall of the right ventricle.2 By the time 
dilatation is demonstrable the right side has 
probably already failed or is in actual failure 
and, therefore, clinical signs of failure will have 
been in evidence to establish the diagnosis. In 
other words, demonstrable enlargement by 
radiologic means is probably not evidence of 
early pulmonary heart disease but of heart 
disease in progress or in failure. 

In our opinion chronic chest disease may be 
in existence for long periods before the advent 
of right-sided heart disease, just as systemic 
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hypertension may persist for years alone with- 
out any evidence of hypertensive heart disease. 
Actually pulmonary heart disease does not 
necessarily follow chronic pulmonary disease, 
just as hypertensive heart disease does not 
always follow systemic hypertension. It appears 
to us more logical to disregard the fine differ- 
entiation between pulmonary disease and pul- 
monary heart disease and to consider them 
together as comprising one ‘single disease- 
complex,” beginning with pulmonary disease 
and ending in severe cor pulmonale with cardiac 
failure. We offer the following simple functional 
classification of this disease-complex: I, severe 
pulmonary disease and mild anoxia; II], severe 
pulmonary disease with anoxia plus right-sided 
heart disease without failure; II], chronic cor 
pulmonale with cardiac failure. Stages I and 
II differ very little as far as cardiopulmonary 
function is concerned, the only difference being 
the advent of hypertrophy of the right ventricle 
in stage II. The symptoms manifested in stage 
II are the symptoms of the primary pulmonary 
disease, the early hypertrophy of the right 
ventricle causing no symptoms. We have not 
been impressed by substernal pain as a symp- 
tom in this stage. It is in stage III that one 
notes severe deterioration of the cardiopulmo- 
nary function and clinical evidence of right- 
sided failure. 

During the past 3 years we have been par- 
ticularly interested in the electrocardiographic 
diagnosis of pulmonary heart disease as a more 
practical means of diagnosis. Located as we are 
in the heart of one of the main hard coal 
centers of the country, we have had the oppor- 
tunity of seeing and studying a large number of 
cases of chronic pulmonary disease, especially 
anthracosilicosis, emphysema, and the often 
accompanying pulmonary heart disease. We 
have developed the study with the following 
questions in mind: 1. Does clinical cor pulmo- 
nale often occur either in the absence of electro- 
cardiographic manifestations or in the presence 
of manifestations that are not specific for cor 
pulmonale? 2. If nonspecific electrocardio- 
graphic changes are often seen, to what extent 
may these be taken in conjunction with the 
known presence of appropriate pulmonary 
disease to make a reasonable presumptive 
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diagnosis? 3. Is there any correlation between 
the type of electrocardiographic changes and 
the clinical severity of the heart disease? 


MATERIALS AND MeEtTHODS 


The cases of cor pulmonale investigated in this 
study were obtained from patients currently hos- 
pitalized for either their cardiopulmonary disease or 
for unrelated conditions, and from review of the hos- 
pital records of the last 50 consecutive cases whose 
final discharge diagnoses included cor pulmonale. 
Each case was thoroughly reviewed, and was ac- 
cepted for this study only if satisfactory evidence 
existed to implicate chronic pulmonary disease as 
the cause for the cardiac disorder. Acceptance was 
based on either postmortem findings when available, 
or on clinical grounds in accordance with the cri- 
teria of the etiology of heart disease as set forth by 
the American Heart Association. A total of 67 cases 
was found to be suitable for the purposes of this 
study. 

Each of the patients selected was suffering from 
some form of chronic pulmonary disease compli- 
cated by the co-existence of heart disease with right 
ventricular involvement. The latter was indicated 
by clinical findings such as signs of right-sided heart 
failure, or by radiologic or electrocardiographic 
changes consistent with such an interpretation. 

The diagnosis of the underlying pulmonary dis- 
ease was dependent on the history, especially in 
regard to exposure to industrial dusts, the physical 
findings, changes in the lungs found on x-ray, pul- 
monary ventilatory tests, and in one case by pul- 
monary biopsy. Hematologic studies were also car- 
ried out to determine the presence or absence of 
secondary polycythemia. For the purpose of this 
paper, this is defined as a red blood count in excess 
of 6,000,000 or a hematocrit value of more than 55 
volumes per cent. 

The co-existence of heart disease was easily estab- 
lished when signs of cardiac failure had developed. 
In addition to the common clinical manifestations 
of venous engorgement, hepatomegaly with or with- 
out ascites, and edema, most cases were also in- 
vestigated by determinations of the venous pressure, 
and Decholin and ether circulation times. Radio- 
graphic evidence of enlargement of the outflow tract 
of the right ventricle and dilatation of the pulmo- 
nary arteries was also accepted as an indication of 
right-sided heart disease (fig. 1). In some cases car- 
diac enlargement without any specific changes in 
chamber configuration was found and was considered 
as evidence of heart disease. Cardiac catheterization 
was not performed on any patient. 

During the period of this study 7 patients under 
investigation were subjected to necropsy examina- 
tion. Although the normal thickness of the right 
ventricular wall is stated to be 3 mm., right ven- 
tricular hypertrophy was diagnosed only when the 




























































































































































































































































Fic. 1. Posteroanterior chest film showing typical 
cardiac silhouette, pulmonary fields, and dilated pul 
monary arteries of a case of chronic cor pulmonale. 


muscle mass measured 5 mm. or more. Because of 
the difficulty in obtaining entirely accurate measure- 
ments of the thickness of the right ventricle, only 
those were included who died during the period of 
this study and whose measurements were made per- 
sonally by one or another of the authors with this 
investigation in mind. This has necessarily led to a 
limitation of the number of autopsied cases. 


RESULTS 
Sex and Age 


Consistent with the usual hospital population 
all patients studied were males. Ages varied 
from 31 to 87, but with the exception of 2 pa- 
tients in the early thirties, all were above 59 
years of age. 


Underlying Chronic Pulmonary Disease 


Because of local industrial conditions the 
majority of the patients studied had been en- 
gaged in mining anthracite coal for varying, but 
usually prolonged periods. Pneumoconiosis due 
to anthracosilicosis was therefore very common. 
Some degree of pulmonary emphysema co- 


existed in almost every instance, and, in many, 


signs of acute or chronic bronchitis were also 
found. This combination of lung diseases was 
present in 41 (61 per cent) cases. Pulmonary 
emphysema of undetermined etiology was 
found in 8 (12 per cent), and in an equal num- 
ber it was secondary to chronic bronchitis. In 
addition, emphysema was present in 2 cases of 
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bronchiectasis, and in 1 case each of lung ab- 
scess, pulmonary tuberculosis, and chronic 
diffuse pneumonitis of unknown etiology. The 
remainder of the patients consisted of 3 of un- 
complicated bronchiectasis, 1 of chronic bron- 
chitis, and 1 of pulmonary tuberculosis. 


Incidence of Polycythemia 


Secondary polycythemia was found in 9 of 
the cases studied. In each, a diagnosis of pul- 
monary emphysema had been made with or 
without one of the associated forms of chronic 
lung disease mentioned. In addition all of these 
cases showed signs of heart disease, and 7 were 
in cardiac failure. 


Electrocardiographic Findings 


In general, the electrocardiographic patterns 
in the 67 patients conformed to those already 
described in the literature, and fell into 1 of 6 
groups, as illustrated in figure 2. There was no 
correlation between the type of tracing and the 
underlying pulmonary disease. Among the 9 
patients with polycythemia, however, 3 fell in 
group IT and 4 in group ITI. 

Group I (fq. 2, col. 1). This group was charac- 
terized by tall peaked P waves in leads II, III, 
and aVy, and sometimes in the right chest 
leads, associated with marked clockwise rota- 
tion. It included 11 cases (16 per cent). Two of 
these cases also showed an r/S ratio exceeding 
1, in lead Vs. Peaked P waves, however, were 
often associated with the other electrocardio- 
graphic patterns to be described. Also many of 
at this 
hospital showed the same P-wave changes and 
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clockwise rotation without associated heart 
disease. The rotation alone may account for 
the change in the P wave. 

Group II (fig. 2, col. 2). Eighteen cases (27 
per cent) fell into this group showing the classi- 
cal pattern of right ventricular hypertrophy 
with a tall R wave in leads V; or Vig with or 
without a preceding q wave, and followed by 
an inverted T wave. 

Group IIT (fig. 2, col. 3). Incomplete right 
bundle-branch block characterized by an rR’ 
with a delayed intrinsicoid deflection but with 
a QRS duration of less than 0.12 second, and 
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Fic. 2. Representative electrocardiographic patterns found among 67 cases of chronic cor pul- 
monale. 
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TaBLe 1.—Association of the Electrocardiographic 
Pattern in 67 Cases of Chronic Cor Pulmonale with the 
Severity of the Heart Disease 


Peaked nd : 
3 R in rR’ in RB. - Mis 
cloc k u or " or ie) ieee cella 
wise aR right | neous 
rotation chest 
Heart disease 
with failure 10 14 12 2 6 7 
Heart disease 
without fa:lure 1 2 4 1 0 0 
No other evi- 
dence of heart 
disease 0 2 2 2 2 0 


an inverted T wave in leads V; or V4x occurred 
in 18 cases (27 per cent). In 3 of the cases right 
ventricular hypertrophy could be diagnosed 
by the criteria of Barker ': *° as well as incom- 
plete right bundle-branch block. 

Group IV (fig. 2, col. 4). The characteristic 
electrocardiogram of complete right bundle- 
branch block was present in 5 cases (7 per cent), 
and in 3 of these Barker’s criteria indicated the 
co-existence of right ventricular hypertrophy. 

Group V (fig. 2, col. 5). T-wave inversions 
alone, without the previously described R or 
rR’ in V,; or Vax were present in the right chest 
leads V ; 2.3 and sometimes V4 in 8 cases (12 per 
cent). All these cases showed in addition mod- 
erate to marked clockwise rotation with or 
without peaking of the P waves. The T-wave 
abnormalities were persistent in 5 patients, one 
of whom was on maintenance digitalis even 
prior to the first tracing. They were not perma- 
nent in the remaining 3 cases, being present 
only intermittently in 2, and in the third having 
disappeared during a 1-year interval between 
tracings. 

Group VI (fig. 2, col. 6). Miscellaneous types 
of electrocardiograms were obtained from 7 
patients (10 per cent). The patterns included 3 
normal, 1 with only clockwise rotation, 1 with 
chronic atrial fibrillation, and 2 with T-wave 
inversions in the left chest leads. 

In all 67 cases of cor pulmonale studied, only 
3 cardiac arrhythmias were found. These in- 


clude chronic atrial fibrillation, paroxysmal 
atrial fibrillation, and atrial flutter. 
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Correlation of Electrocardiographic Patterns 
with Other Signs of Heart Disease 


The criteria, aside from the electrocardio- 
gram, accepted in this study as indicative of 
chronic cor pulmonale have already been de- 
scribed. In short, they are the presence of a 
pulmonary disease acceptable as an etiologic 
factor and evidence of congestive failure, or 
radiologic or postmortem evidence of hyper- 
trophy of the right ventricle. Table 1 indicates 
the frequency with which the various electro- 
cardiographic patterns were associated with 
other evidences of heart disease. 

This table reveals that of the 11 patients 
whose electrocardiograms showed only peaked 
P waves and marked clockwise rotation, 10 
(91 per cent) exhibited signs of cardiac failure. 
The degree of failure as judged by the response 
to therapy for both the pulmonary and heart 
disease, was considered mild to moderate, and 
in NO case Was it intractable. 

Among the 18 cases in group II were 2 cases 
in which the diagnosis of cor pulmonale was 
based solely on this characteristic change in the 
presence of an acceptable etiologic factor. The 
other 16 all showed other evidences of heart 
disease, and in 14 (78 per cent) cardiac failure 
existed. This was mild to moderate in degree 
in 12 cases, but was intractable in the 2 others. 
On postmortem examination in 2 cases with 
mild cardiac failure clinically the right and left 
ventricles measured 8 and 13 mm. in one in- 
stance, and 7 and 12 mm. respectively, in the 
other. In a third case with no clinical evidence 
of heart disease the right ventricle was 5 mm. 
thick. 

Among the 18 cases of incomplete right 
bundle-branch block were 2 in which the diag- 
nosis of heart disease was based on the electro- 
cardiogram and the presence of chronic pul- 
monary disease. There were 4 cases in which 
heart disease without cardiac failure was pres- 
ent, and 12 (67 per cent) with definite signs of 
cardiac failure. In 2 of these the tracing was 
consistent with the interpretation of co-exist- 
ent right ventricular hypertrophy. The severity 
of the cardiac failure was mild to moderate in 
all 12 cases. Two postmortem examinations 
were performed on cases with cardiac failure 
in this group: in them the thickness of the right 
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ventricular wall was increased to 8 and 10 mm. 
respectively; both hearts were otherwise 
normal. 

A pattern of complete right bundle-branch 
block was present in the tracings of 5 patients. 
Two of these showed no other evidence of heart 
disease, but in both electrocardiographic 
changes were also consistent with right ven- 
tricular hypertrophy. Three other cases showed 
evidence of heart disease, and in 2 (40 per cent) 
cardiac failure was present, moderately severe 
in one and intractable in the other. The electro- 
cardiogram in the latter instance was also 
compatible with the presence of right ventricu- 
lar hypertrophy. 

In the 8 cases showing T-wave inversions in 
the right chest leads and clockwise rotation, 2 
had no other evidence of heart disease. The 
remaining 6 (75 per cent) all were in cardiac 
failure that was mild to moderate in 5 and 
intractable in 1. This group of 6 included the 3 
cases with inconstant T-wave abnormalities. 
On postmortem examination in 1 case with 
changing T waves the right ventricle measured 
6 mm., the left 14; the mitral orifice was nar- 
rowed to | finger and the mitral ring was cal- 
cified. 

All 7 cases in the group with miscellaneous 
types of electrocardiograms showed other 
evidence of heart disease, and all were in car- 
diac failure. In no case was any etiology other 
than the chronic pulmonary disease found to 
account for the cardiac disorder. It is interest- 
ing to speculate that the 2 cases with T-wave 
inversions in the left chest leads might repre- 
sent examples of left ventricular hypertrophy 
resulting from abnormal collateral circulation 
between the bronchial and pulmonary circula- 
tions secondary to the pulmonary hypertension. 
Postmortem examination in 1 patient of this 
type did reveal thickening of the left ventricu- 
lar wall to 21 mm., the right to 8 mm., and an 
increase in the weight of the heart to 650 Gm. 
The heart was otherwise normal. 

The group of the 7 cases that came to autopsy 
is too small to permit statistically valid con- 
clusions, but there was some correlation be- 
tween the more significant electrocardiographic 
changes of right ventricular hypertrophy and 
its presence anatomically. Similar correlation 
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was reported by Myers et al. in a much 
larger series of autopsy material. 


DiscussIoN 


To simplify the discussion of the findings in 
the 67 patients investigated, the groups with 
heart disease and cardiac failure, heart disease 
without failure, and no other evidence of heart 
disease, will be examined separately. 

In all, there were 51 cases of cor pulmonale 
that showed varying degrees of heart failure. 
The electrocardiogram in 10 of these (20 per 
cent) showed only the clockwise rotation and 
peaking of the P waves that extensive experi- 
ence with chronic pulmonary disease and 
emphysema has demonstrated to be a very 
common change, even in the absence of heart 
disease. Like many others, we are inclined to 
accept this type of tracing as indicative of 
change in electric axis, and in no way specific 
for cardiac disease. Nevertheless, these 10 pa- 
tients had chronic cor pulmonale of sufficient 
severity to produce heart disease. 

There was another group of 7 patients (14 
per cent) in whom the _ electrocardiograms 
varied from normal to T-wave abnormalities 
in leads overlying the left ventricle only, but in 
no instance showing changes even suggestive 
of right ventricular damage. Each of these 
patients was in heart failure, attributable, on 
the basis of presently accepted criteria, to 
chronic cor pulmonale. The only postmortem 
examination performed in this group confirmed 
this; and in the remaining 6 cases clinical inves- 
tigation failed to suggest any other etiology. 

Therefore, in 17 instances (34 per cent) of 
pulmonary heart disease sufficiently advanced 
to result in cardiac failure, the electrocardio- 
gram was of no diagnostic assistance. Con- 
versely stated, the absenee of electrocardio- 
graphic patterns currently assumed to be 
characteristic of right ventricular disease does 
not eliminate such disease even in an advanced 
stage. It should be emphasized at this point that 
the very method of selection of these patients re- 
quired the presence of signs of heart disease 
other than the electrocardiogram. Therefore, 
the perfect correlation between these nondiag- 
nostic electrocardiograms and other evidence 
of cardiac involvement resulted from the 
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method of selection, and should not be assumed 
to indicate any degree of specificity for the 
electrocardiographic patterns described. 

Among the other patients in cardiac failure, 
there were 6 (12 per cent) whose tracings 
showed T-wave inversions over the right leads 
V, through V; or Vy accompanied by clockwise 
rotation. In this situation, the T-wave abnor- 
malities cannot be accepted as a merely normal 
variation—the so-called juvenile pattern. In 
half of these patients, the T-wave abnormalities 
were inconstant, suggesting that they appeared 
only during periods of increased right ventricu- 
lar “strain”? secondary to a temporary change 
in the pulmonary disease. They would then not 
be indicative of chronic right ventricular 
damage. The 1 postmortem examination in 
this type of case, however, does not support 
this interpretation, since the right ventricle 
was hypertrophied. In the remaining 5 cases, 
the possibility of coronary artery disease pro- 
ducing the abnormal T waves cannot be ex- 
cluded, but the usual supportive evidence for 
such a diagnosis was lacking in every instance. 
In this group of 6 patients, the electrocardio- 
gram suggested the possibility of right-sided 
heart disease but could not be considered 
diagnostic, despite the fact that again the heart 
disease had advanced to the point of cardiac 
failure. 

Although the pattern of right bundle-branch 
block may appear in otherwise normal individ- 
uals, its occurrence in the presence of chronic 
pulmonary disease is very strongly suggestive 
of cor pulmonale. Whether this change signi- 
fies hypertrophy, dilatation, or delayed con- 
duction in the right ventricle will be discussed. 
Therefore, in the group of 14 patients (27.5 per 
cent) with cardiac failure, 12 with incomplete 
and 2 with complete right bundle-branch block, 
the electrocardiogram was consistent with a 
diagnosis of right-sided heart disease. 

The pathognomonic pattern of right ven- 
tricular hypertrophy existed in an additional 
14 patients (27.5 per cent) with signs of cardiac 
failure. The relative infrequency of this pattern 
again emphasizes that severe cor pulmonale 
often exists in the absence of classical electro- 
cardiographic changes. However, combining 


the patients in this group with those showing 
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complete and incomplete right bundle-branch 
block presents 55 per cent of the patients with 
chronic pulmenary disease and cardiac failure 
in whom the electrocardiogram showed right 
ventricular involvement. 

The number of cases diagnosed as having 
chronic cor pulmonale without cardiac failure 
is considerably smaller than those with failure. 
This, in part, may be due to the recognized 
difficulty in making the clinical diagnosis in 
the early stages of right-sided heart disease. In 
the absence of postmortem examination and, 
for the purpose of the present investigation, 
excluding assistance from the electrocardio- 
gram, the ‘earlv’’ diagnosis frequently depends 
on radiographic changes in heart size and con- 
figuration. Accentuation of the pulmonic second 
sound is indicative of pulmonary hypertension 
but this may be difficult to evaluate in patients 
with pulmonary emphysema in whom heart 
tones are often distant and muffled. 

In each of the 8 cases with compensated heart 
disease the presence of right ventricular en- 
largement was confirmed by either x-ray or 
necropsy examination. Table 1 indicates that 
in | of these the electrocardiogram showed only 
the nondiagnostic peaking of P waves and 
clockwise rotation; in 5 the complete or incom- 
plete right bundle-branch block consistent with 
right-sided heart disease in this type of patient; 
and in 2, the pathognomonic configuration of 
right ventricular hypertrophy (R= in YV;). 
Therefore, in this group, the electrocardiogram 
furnished acceptable evidence of right ventricu- 
lar involvement in 87 per cent of the cases. 
Among them were 3 cases without clinical or 
x-ray evidence of heart disease during life, but 
with definite right ventricular hypertrophy on 
postmortem examination. 

The final group of 8 patients (table 1) in- 
cludes those in whom a diagnosis of heart 
disease was based solely on the electrocardio- 
gram. In 2 of these, the tracing was diagnostic, 
and in the remaining 6 it was consistent with 
cor pulmonale. Originally, this group also 
included the 3 patients mentioned above who, 
on the basis of autopsy findings, were subse- 
quently placed in the category of those with 
heart disease without failure. It is anticipated 
that continued observation of the remainder 
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will eventually disclose other evidence of heart 
disease besides the electrocardiogram. Never- 
theless, since at present these 8 cases show only 
electrocardiographic changes, they are not in- 
cluded in the final statistical tabulation in the 
conclusions. 

Review of the 7 autopsied cases from among 
the total of 67 patients investigated showed 
the anatomic presence of right ventricular 
hypertrophy in each. The electrocardiogram 
had been diagnostic of right ventricular hyper- 
trophy in 3 and consistent with the diagnosis 
in ?. It had been merely suggestive in another, 
anc ctually misleading in the last, where it 
had denoted left ventricular disease. Hyper- 
trophy of both ventricles was found at post- 
mortem examination in this case. 


PATHOLOGIC PHYSIOLOGY 


The process that terminates in pulmonary 
hypertension and right-sided failure may begin 
in several ways: (1) with rupture of interalveo- 
lar septa, loss of pulmonary capillary bed, and 
decreased distensibility of the pulmonary vas- 
cular circuit—the usual picture in emphysema; 
(2) with gradual obliteration of smaller pul- 
monary vessels by fibrosis secondary to pul- 
monary granulomata (a broad group including 
diffuse tuberculosis, sarcoid, silicosis, and beryl- 
losis); (3) with disease in the vessels themselves 
resulting from such factors as pulmonary 
hypertension and arteriolar hypertrophy sec- 
ondary to mitral stenosis of congenital cardiac 
lesions, multiple pulmonary emboli, carcinoma- 
tosis of the lungs, and other less common con- 
ditions. Whichever process is primary, the 
inability of the lung to clear itself of secretions 
leads to secondary infection and the production 
of both fibrosis and emphysema. The end 
result is therefore a composite of at least the 
first 2 of the above factors. Arterial anoxia 
results from diffusion defect secondary to fibro- 
sis, as well as from failure to aerate vascu- 
larized portions of the lung involved in sec- 
ondary infection and bronchiolar obstruction. 
Anoxia has been shown to produce a reflex rise 
in pulmonary artery pressure, presumably due 
to pulmonary arteriolar constriction.*® Factors 
contribvting to pulmonary hypertension there- 
fore include actual destruction of pulmonary 
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vessels, compression of vessels by fibrous tissue, 
reflex vasoconstriction of the pulmonary arte- 
rioles, increased blood viscosity in instances of 
secondary polycythemia, and increased cardiac 
output (resulting from hypervolemia, the effect 
of anoxia on the chemoreceptors, and the 
stretching of myocardial fibers). Cardiac 
‘atheterization in this phase reveals an elevated 
systolic but normal end-diastolic pressure in a 
right ventricle, which has not yet failed and 
still empties completely; an elevated mean 
pulmonary artery pressure; and a normal 
“wedge” pressure. In the next phase the right 
ventricle no longer empties completely; its 
filling pressure increases; blood is dammed back 
into the systemic veins and the clinical picture 
of right heart failure ensues, still (in anoxic, 
emphysematous patients) with a cardiac output 
above normal. Prior to the onset of failure, 
emphysematous patients increase cardiac out- 
put at the expense of a disproportionate rise in 
pulmonary artery pressure and the normal 
arteriovenous oxygen difference is maintained.‘ 
It is not our purpose to present the experi- 
mental evidence that has been presented in 
other papers in support of this concept.*: *° Of 
the factors mentioned, arterial anoxia is the 
one most consistently found in association with 
pulmonary hypertension and pulmonary heart 
disease in cases of ‘“‘emphysema heart’’; it is 
of course not a factor at all in those patients 
with heart disease secondary to primary disease 
of the pulmonary vessels. The central position 
of anoxia has been emphasized by Cournand,' 
Lewis and co-workers,®> Harvey et al.’ and 
Gelfand.s Mack and Snider commented that 
“by the time arterial blood gas abnormalities 
become demonstrable (in chronic obstructive 
emphysema), chronic cor pulmonale may be 
assumed to be present.’”! 

Patients in failure with cor pulmonale were 
found by Lewis’ group to share many of the 
characteristics of other forms of heart disease 
in failure, as well as same basic differences. 
Similarities included increased arteriovenous 
oxygen difference and depressed renal function 
(diminished renal plasma flow and glomerular 
filtration rate). Lewis thought that oxygen 
transport per unit time rather than blood flow 
per unjt time is the determinant in fixing the 
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level of renal blood flow. Patients in failure 
with cor pulmonale differed from other cardiacs 
with respect to (1) pronounced arterial oxygen 
unsaturation, probably the most important 
factor precipitating this form of failure for the 
reasons noted above; (2) frequent secondary 
polycythemia; and (3) normal or increased 
resting cardiac output that, however, fails to 
increase normally with exercise as it also fails 
to do in other forms of decompensated heart 
disease. 

We have had 2 patients with cor pulmonale 
in Whom there was left ventricular disease w ith- 
out the presence of any other form of heart 
disease ordinarily leading to increased work of 
the left ventricle. In one of the cases the find- 
ings were confirmed post mortem. Roosen- 
burg and Deenstra'’ have demonstrated the 
admixture of oxygenated blood in the smaller 
pulmonary arteries in patients with chronic 
lung disease, particularly those with bronchiec- 
tasis, indicating an extensive collateral circula- 
tion from the bronchial arteries. From the 
standpoint of the left ventricle this mixing 
represents an arteriovenous shunt and may be 
responsible for the left ventricular disease. 


Pathophysiology of the Electrocardiographic 
Pattern 


The interpretation of the electrocardiogram 
in emphysematous patients is subject to error 
caused by the position of the heart, which is 
in extreme clockwise rotation. Even V—s may 
overlie the right ventricle and it is necessary to 
take additional leads to the left to obtain the 
patterns of both ventricles.’ A QS pattern 
may appear in aV> in the absence of myocardial 
infarction because with clockwise rotation the 
current of septal activation may be at right 
angles to aV,, and what would otherwise be 
an rS (in a horizontal heart) becomes a QS. 

With minor points of difference, Wilson, 
Goldberger, Myers, and others have accepted 
the following criteria for right ventricular 
hypertrophy: 

1. In the absence of excessive clockwise ro- 
tation, leads Vz and V, overlie the right ven- 
tricle as in the normal heart. With a hyper- 
trophied right ventricular myocardium, the 
vector toward these Jeads is increased and is not 
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dominated, as in the normal heart, by the 
greater muscle mass of the left ventricle. Vz 
therefore shows an Rs instead of the normal rs. 
V;, may also show an Rs. However, if V; lies 
close to the septum, the later phase of ventricu- 
lar activation in both ventricles is away from 
this electrode and an rS may appear despite the 
presence of a hypertrophied right ventricle. It 
is therefore important to obtain a Vox or Var 
in every case of suspected right ventricular 
hypertrophy where the diagnosis cannot be 
made on a standard 12 lead electrocardiogram." 
The tall R (without preceding q) in the right 
chest leads, often with delayed intrinsicoid 
deflection, is the only direct evidence of right 
ventricular hypertrophy. Other evidence has 
been accepted as conclusive, though indirect, 
and depends on the assumption that extreme 
clockwise rotation (in the presence of a lesion 
competent to produce right heart hypertrophy ) 
may be accepted as evidence of right ventricu- 
lar hypertrophy.!'!-" 

2. The following evidence of extreme clock- 
wise rotation has been accepted as indirect 
evidence of right heart hypertrophy under the 
conditions noted above: (a) A qR pattern in 
V;, or in V; and Vs, is usually considered to indi- 
cate that the heart has so rotated on its own 
long axis as to bring a portion of the left ventri- 
cle beneath these electrodes. The qR is there- 
fore the normal recording of the posterior 
surface of the left ventricle, appearing in an 
abnormal position. (b) A qR in aVz where the 
R is at least 3 times the magnitude of the q, 
in addition to a deep 8 wave in all precordial 
leads such that R/S in V¢ is less than !. 

3. Difficulty is encountered in the diagnosis 
of right heart hypertrophy in the presence of 
right bundle-branch block. This may be mani- 
fested by: (a) An rSR’ pattern in the right pre- 
cordial leads with a QRS duration of 0.08-0.11 
second (experimental evidence to be recorded 
below indicates that this pattern does not in- 
variably signify incomplete right bundle- 
branch block). (b) A tall R in the right pre- 
cordial leads with QRS 0.12 second or more. 
Goldberger considered the diagnosis of right 
ventricular hypertrophy not to be possible in 
the presence of right bundle-branch block." 
Braunwald’s group accepts the diagnosis of 
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right ventricular hypertrophy on the basis 
of the following criteria established by Barker 
and Valencia: *° (a) If the R’ is greater 
than 10 mm. in the presence of incomplete 
block. (b) If the R’ is greater than 15 mm. 
in the presence of complete block. Braun- 
wald selected 3 groups of patients and meas- 
ured the time interval between the onset 
of ventricular activation as indicated by the 
onset of the QRS on the electrocardiogram 
and the onset of ventricular contraction as indi- 
cated by the first rise in pressure in the cath- 
eterized right ventricle. 1. In 15 patients with 
right heart hypertrophy clinically and electro- 
cardiographically but with no electrocardio- 
graphic evidence of conduction defect, this study 
confirmed the absence of conduction defect. 2. In 
6 patients with the elect rocardiographic pattern 
of right bundle-branch block but with no other 
evidence of heart disease, this study confirmed 
the presence of right bundle-branch block. 3. In 
15 patients similar to the patients in our study, in 
whom there was clinical reason to suspect right 
heart hypertrophy and in whom catheterization 
demonstrated pulmonary hypertension, but in 
whom the electrocardiogram showed bundie- 
branch block, two thirds were found to have 
normal conduction intervals. It would therefore 
appear that the rSR’ and prolonged QRS in 
these patients was a manifestation of right 
heart hypertrophy rather than of bundle- 
branch block. Vectoreardiograms, on the other 
hand, correctly differentiated the groups and 
corresponded to the results obtained on 
‘atheterization.'® 

Other manifestations that may appear in the 
electrocardiogram in patients with emphysema 
heart disease have not been accepted as criteria 
for right ventricular hypertrophy. Peaked P 
waves may indicate atrial hypertrophy or 
simply change in the position of the heart.!: '° 
Inverted T waves in leads subtending the right 
ventricle indicate ‘strain’? rather than hyper- 
trophy and are often reversible. Finally, super- 
imposition of an acute pneumonic process on a 
restricted pulmonary bed may produce the 
electrocardiographic picture of acute cor pul- 
monale even when embolization has not oc- 
curred. 

Various groups have found correlation 
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between pulmonary artery hypertension and 
the electrocardiographic picture of right ven- 
tricular hypertrophy." In general electro- 
cardiographic changes were not found in the 
presence of a resting mean pulmonary artery 
pressure under 30 mm. Hg. In all groups studied 
a significant number of patients had a pattern 
generally attributed to complete or incomplete 
right bundle-branch block rather than hyper- 
trophy. Correlation was also found by Scott 
et al.” between hypoxia and abnormality of the 
electrocardiographic pattern. 

Postmortem studies by Myers and co- 
workers" again emphasized the importance of 
the pattern of bundle-branch block in these 
patients. In 40 patients proved post mortem 
to have right ventricular hypertrophy, 21 had 
met the classical criteria quoted above for the 
diagnosis of right ventricular hypertrophy; 12 
others met only the electrocardiographic erite- 
ria for complete or incomplete right bundle- 
branch block; 7 met neither of these criteria. 

One significant fact emerges from a compari- 
son of our data (table 1) with the data of ob- 
servers quoted above: In various series, only 
50 per cent or fewer of the patients fulfilled the 
absolute electrocardiographic criteria for right 
ventricular hypertrophy. The diagnosis of pul- 
monary heart disease may he made more fre- 
quently if the criteria are expanded to include 
patients with right bundle-branch block (com- 
plete or incomplete) and significant T-wave 
abnormalities over the right chest, in the 
presence of advanced chronic pulmonary dis- 
ase. The occasional patient with a combination 
of chronic pulmonary disease and some other 
unrelated type of heart disease, may be mis- 
diagnosed on this basis, but the over-all 
accuracy of the diagnosis in a large series of 
patients will be greatly improved. 


SUMMARY AND’ CONCLUSIONS 


Sixty-seven patients with pulmonary heart 
disease were investigated in this study. Of 
these, 59 were found to be suitable for statisti- 
‘al analysis from which the following conelu- 
sions are drawn: 

In about 30 per cent of the cases of pulmo- 
nary heart disease the electrocardiogram alone 
is not diagnostic; in about 27 per cent the elec- 
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trocardiogram alone is pathognomonic of right 
ventricular hypertrophy; in about 42 per cent 
it is only suggestive, but in the presence of an 
appropriate pulmonary disease, it becomes 
strongly suggestive. Clinical pulmonary heart 
disease of even advance1 degree may be present 
with no more than mild nonspecific electro- 
cardiographic changes and, conversely, path- 
ognomonic electrocardiographic changes may 
appear in the presence of only mild clinical pul- 
monary heart disease. 

On the basis of postmortem observations in 
7 patients, the degree of hypertrophy of the 
right ventricle correlates well with the electro- 
cardiographic patterns of right ventricular 
hypertrophy and incomplete right bundle- 
branch block. But there is no definite correla- 
tion between the thickness of the right ventricle 
and the clinical severity of the pulmonary heart 
disease. 

If complete or incomplete right bundle- 
branch block, and significant T-wave abnor- 
malities over the right chest leads are consid- 
ered diagnostic in the presence of an acceptable 
etiologic factor, then the electrocardiogram 
might be considered fairly diagnostic in about 
69 per cent of cases of pulmonary heart disease. 
If currently acceptable electrocardiographic 
criteria are to be chiefly relied upon for the 
diagnosis of pulmonary heart disease, even in 
the presence of an acceptable etiologic factor, 
this diagnosis may be missed in about 31 per 
cent of cases. For the satisfactory diagnosis of 
pulmonary heart disease, a combination of 
clinical, radiologic, and electrocardiographic 
evidence is necessary in the majority of cases. 
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SUMMARIO IN INTERLINGUA 
Esseva investigate in le presente studio 67 
patientes con morbo cardiac pulmonar. Cin- 
quanta-nove de illes se prestava al analyse 
statistic, resultante in le sequente conclu- 
siones: 
Jn circa 30 pro cento de casos de morbo 
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‘ardiac pulmonar, le electrocardiogramma per 
se non es diagnostic. In cirea 27 pro cento, le 
electrocardiogramma per se es pathogno- 
monic. pro hypertrophia dextero-ventricular. 
In cirea 42 pro cento, le electrocardiogramma 
pote solmente suggerer le diagnose, sed in le 


presentia de un pertinente morbo pulmonar, 


su valor suggestive deveni multo forte. Clinic 
morbo cardiac pulmonar—mesmo de _ grados 
avantiate—pote esser presente in casos ex- 
hibiente solmente leve e nonspecific altera- 
tiones electrocardiographic, e inversemente, 
pathognomonic —alterationes _ electrocardio- 
graphic pote esser manifeste in le presentia 
de solmente leve grados de clinic morbo 
cardiac pulmonar. 

A judicar per observationes post morte in 7 
patientes, le grado de hypertrophia del ven- 
triculo dextere es ben correlationate con le 
configuration electrocardiographic typic pro 
hypertrophia dextero-ventricular e incomplete 
bloco de branea dextere. Sed il ha nulle corr- 
elation del spissitate del ventriculo dextere 
con le severitate clinic del morbo cardiac 
pulmonar. 

Si, in le presentia de un acceptabile factor 
etiologic, complete o incomplete bloco de 
branea dextere e significative anormalitates de 
unda T in le derivationes dextero-thoracic pote 
esser considerate como diagnostic, alora le 
electrocardiogramma es satis definite pro le 
establimento del diagnose in 69 pro cento del 
casos de morbo cardiac pulmonar. Si le curr- 
entemente acceptate criterios electrocardio- 
graphic es usate como base principal pro le 
diagnose de morbo cardiac pulmonar, alora— 
mesmo in le presentia de un acceptabile 
factor etiologic—iste diagnose escappa al 
detection in circa 31 pro cento del casos. Pro 
le satisfacente diagnose de morbo cardiac 
pulmonar, un combination de indices clinic, 
radiologic, e electrocardiographic es requirite 
in le majoritate del casos. 
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Serum Cholesterol in Pentolinium -Treated 
Arterial Hypertension 


By Harouip H. Orvis, M.D., Irene G. Tamaana, M.D., ano JonHn M. Evans, M.D. 


Serum lipids were serially determined in 11 patients receiving pentolinium therapy to eval- 


uate changes secondary to blood pressure effects. 


Substantial reduction in total cholesterol 


was observed, which in some cases was independent of the hypotensive effect of the drug. 
Fat absorption, studied in 6 patients, revealed diminished postprandial lipemia in each as 
compared to placebo determinations. However, few patients showed appreciable weight 
change during a year of therapy. The evidence suggests that the serum lipid changes sec- 
ondary to pentolinium administration are due to a qualitative change in fat absorption. 


HE association of arterial hypertension 

and an inereased incidence of athero- 
sclerosis has been previously noted.!* In stud- 
ies of atherosclerotic patients assays of the 
serum lipids have been utilized as an indi- 
eator of the status of the disease. These 
measurements usually include serum choles- 
terol, phospholipid, and total lipid as well as 
the determination of the distribution of lipid 
in the lipoprotein complex by ultracentrifu- 
gation, zone electrophoresis, or chemical frac- 
tionation. According to Page and associates,* 
patients with uncomplicated essential hyper- 
tension are free of plasma lipid abnormali- 
ties. On the other hand, Gofman and associ- 
ates’ have pointed out that the great major- 
ity of patients with sustained hypertension 
have significantly increased serum levels of 
Sp 10-20. molecules. More marked derange- 
ment of the serum lipids might be predicted 
in a group of patients with long standing 
severe hypertension presumably with a greater 
incidence of atherosclerosis. Were such the 
case, it would be pertinent to determine if 
measurable changes in the serum lipids are 
demonstrable during treatment of the hyper- 
tension by the currently available hypoten- 
sive agents. 


From the Department of Medicine, The George 
Washington University School of Medicine, Wash- 
ington, D. C. 

This work was supported in part by a grant from 
the Washington Heart Association. 

Dr. Orvis was a Fellow in Cardiovascular Disease, 
the Washington Heart Association 1955-1956. 


In this study, serum cholesterol was serially 
determined in a group of 11 middle-aged pa- 
tients with severe hypertension during treat- 
ment with pentolinium and reserpine and 
during control periods. 

The investigation was extended to include 
a study of fat absorption when it became 
evident that a substantial drop in serum 
cholesterol occurred in many of the patients 
during treatment. In hypertensive patients 
receiving hydralazine and hexamethonium 
(Hyphex), Schroeder® had previously noted 
a tendency for the serum cholesterol to 
decrease. 

It is the purpose of this paper to report the 
changes observed in serum lipids incident to 
pentolinium therapy. Evidence for altered 
lipid absorption during therapy was obtained 
in each of the 6 patients so studied. The 
possible relationship of this finding to the 
changes in serum lipids during therapy is 
discussed. 

MATERIAL AND METHOD 

The patients for this investigation were selected 
from the Hypertension Clinic, The George Wash- 
ington University Hospital. Criteria for admis- 
sion to the study included age 55 or under, sus- 
tained diastolic pressure of 110 or greater, and 
unsuccessful prior treatment with reserpine alone 
or in combination with hydralazine. 

Evaluation prior to therapy included a chest 
film, an electrocardiogram, the phenolsulfonphtha- 
lein test, and determination of the blood urea ni- 
trogen. All of the patients had either electro- 
cardiographie or roentgenologie evidence of left 
ventricular hypertrophy and 9 of the 11 patients 
had both. Impaired renal function was indicated 
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PENTOLINIUM-TREATED ARTERIAL HYPERTENSION 


TABLE 1.—Summary of Clinical and Laboratory Data 


Patient Pentolinium 
dosage(mg./day) 


Control 
pressures* 


Treatment 
pressurest 


Men 
BP. 120 
F.J. 400 

Women 
W.C. 268/148 
C.G. 205/125 
L.H. 199/113 
G.W. 239/151 
E.H. 248/107 
M.W. 191/133 
D.P. 205/127 
M.P. 210/125 
L.S. 196/133 


141/110 
204/137 


161/128 
197 /122 


272/135 
165/107 
161/102 
185/118 
178/108 
182/125 
180/114 
202/120 
185/128 
Average 














Serrm cholesterol (mg. per cent) 


Control 3-4 mos. 7-12 mos. Placebot 


272 


274 
388 255 340 
292 | 25% 282 
344 22: 264 
292 | | 26 

403 i) 287 
282 | 385 334 
262 ¢ 248 
221 | | 
307.6 | 5s | 290.8 











* Average of all blood pressures obtained in 3-month period prior to therapy. 
+ Average of all blood pressures (standing) during therapy. 


t Average of 2 or more determinations. 


in all patients by reduced 15-minute excretion of 
phenolsulfonphthalein, but in none was there ele- 
vation of the blood urea nitrogen. 

Each of the patients received reserpine, in doses 
of 0.25 to 0.75 mg. daily, beginning at least 1 
month before administration of pentolinium (An- 
solysen).* Upon initiation of the latter medication, 
patients were seen weekly or biweekly until the 
desired pressure response was obtained. When 
symptoms of postural hypotension appeared, 
standing blood pressures were recorded in the clinic 
every half hour for 3 hours after the midday dose. 
This procedure was usually satisfactory in estab- 
lishing the maximum hypotensive effect of the 
drug. Severe constipation oceurred in 6 patients 
for which 15 mg. of prostigmine bromide or 5 mg. 
of pilocarpine nitrate was administered daily 
throughout the study. Patients’ diets were not 
altered and none had been on a low-fat diet. Only 
1 subject (E.H.) lost weight during the year of 
therapy and in this patient there was a compli- 
cating illness. 

Congestive heart failure was severe (requiring 
diuretic therapy) in 1 patient (L.S.). Significant 
fluid retention was not encountered in the other 
patients, so that we were able to maintain a con- 
stant therapeutic regimen during the investigation. 

One year after initiation of therapy 6 patients 
with the least cardiorenal involvement were given 
a lactose placebo for 6 weeks in place of the pen- 
tolinium. Reserpine, parasympathomimetie drugs, 
and all other medications were continued. Thus, 


*Kindly supplied by Wyeth Laboratories. 


it was thought that any alteration in serum lipids 
could be ascribed to withdrawal of the pento- 
linium. 

Blood samples were obtained in the fasting state 
at the onset of the study and at intervals there- 
after. During the placebo period, fasting speci- 
mens were obtained biweekly. Serum cholesterol 
determinations were done in the hospital labora- 
tory by the method of Bloor. An oral fat-toler- 
ance test was done just prior to and in the third 
week of the placebo period. The oral fat-tolerance 
method utilizes changes in serum turbidity after 
a standard fat meal as a measurement of post- 
prandial lipemia. The test was performed by the 
method of Waldow and associates.? 


RESULTS 
Pentolinium dosage and average control 
and treatment blood pressures are presented 
in table 1. 
reduction in average blood pressure was 
achieved in 6 of the 11 patients. Five of 
these 6 were in the group given the placebo 


It may be seen that a substantial 


and in each the blood pressure rose to approx- 
imate the pretreatment level. 

The serum cholesterol for each individual 
in relation to the periods of study is given 
in table 1. It is apparent that the control 
cholesterol exceeded 250 mg. per cent in 10 
of the 11 patients, and, that several patients 
exhibited a marked drop, the reduction being 
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most evident in patients with the higher 
initial cholesterol levels. The average decrease 
in serum cholesterol was 57.8 mg. per cent, 
with a range of 24 to 211 mg. per cent. In 
one subject (D.P.) the cholesterol was higher 
and in another subject (W.C.) it was un- 
changed after therapy. It may be pertinent 
that the latter subject received a relatively 
small dose of pentolinium. 

These findings were further borne out by 
the results obtained during placebo adminis- 
tration in 6 subjects. Here, it was observed 
that the cholesterol rose in 5 of the 6. The 
average level for this group increased from 
254.8 to 295.8 me. per cent. The range of 
the increase was from 30 to 79 mg. per cent 
with an average of 48.9 mg. per cent. 

The oral fat-tolerance test revealed that the 
serum turbidity was higher 3 hours after fat 
ingestion during the placebo period in all 6 
patients in comparison with the pentolinium 
period (table 2). The average optical density 
at 3 hours was 0.1613 on pentolinium as com- 
pared with 0.2405 on placebo. The range of 
the increase was from 0.0210 to 0.5360 with 
an average of 0.0792. 

DISCUSSION 

Coincident with pentolinium administration 
there was a substantial drop in serum choles- 
terol in 9 of 11 patients. Schroeder® has re- 
ported similar changes in serum cholesterol 
with the administration of hydralazine and 
hexamethonium. It is possible that the re- 
sponsible common factor is the ganglionic- 
blocking agent. The changes in cholesterol 
were seen in 3 of our patients in the absence 
of any lowering of blood pressure. This 
would seem to indicate that the drop in 
cholesterol is not due primarily to the decline 
in arterial blood pressure. Such an inference 
is further supported by our failure to demon- 
strate the hypocholesteremie effect in patients 
rendered hypotensive by reserpine alone or 
in a patient relieved of hypertension by sur- 
gery for coarctation of the aorta.® 

It is suggested that the observed lipid 
changes may be due in part to altered lipid 
absorption, since postprandial lipemia after 
fat tolerance testing was invariably lower dur- 


ORVIS, TAMAGNA, AND EVANS 
TABLE 2.—The Oral Fat-Tolerance Test in 6 Patients 


Phase of 
Patient treatment Fasting 3 hour 5 hour 


C.G. | Pentolinium 0505 .1079 .0655 
| Placebo | .0245 | .1425 | .1024 


Pentolinium | .0339 .0410 0505 
Placebo .0630 .5770 .5450 


Pentolinium .0580 .1065 . 2041 
Placebo .0580 . 2142 .0969 


Pentolinium .0246 . 1427 . 1024 
Placebo Dok .1672 


Pentolinium | .0410 .1308 
Placebo .1458 1518 





Pentolinium | .0362 .1163 
Placebo .0304 . 1905 0848 








Pentolinium .0407 
Placebo 0443 


Average .1613 . 1100 


2405 . 1830 





| 
| 
| 
| 
| 
| 


Optical density of sera before and at 3 and 5 hours 
after ingestion of 40 Gm. of fat. Test performed approxi- 
mately 1 year after initiation of therapy and in the 
third week of the placebo period. 


ing pentolinium therapy in the 6 patients so 
studied. The change in lipid absorption would 
seem to be in the direction of a qualitative 
alteration rather than reduced absorption, 
since only 1 of the 11 subjects lost weight 
during treatment. An additional factor may 
be the decrease in intestinal motility accom- 
panying ganglionic-blockade therapy. It has 
been repeatedly shown that the hydrolysis of 
triglycerides in the small intestine is incom- 
plete during the usual absorptive period. '° 
Increased transit time of food in the small 
intestine might allow more complete fat diges- 
While this could 
be the mechanism by which pentolinium 
lowers postprandial lipemia, altered intestinal 
motility does not readily explain the hypo- 
cholesteremic effect. Further study is indi- 
cated to clarify this point. 


tion prior to absorption. 


SUMMARY 
Fasting serum cholesterol was determined 
in 11 patients with severe arterial hyperten- 
sion before and at intervals during treatment 
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with pentolinium. In 9 of the 11 patients 
there was a decrease in cholesterol averaging 
57.8 mg. per cent for the group, after therapy. 
These findings were further substantiated in 
6 of these patients in that serum cholesterol 
levels rose during a period of placebo treat- 
ment. The lipid changes observed appeared 
to be independent of the hypotensive effect of 
pentolinium. 

An oral fat-tolerance test revealed lower 
postprandial lipemia in 6 subjects during 
pentolinium as compared to placebo treat- 
ment. This finding was interpreted as evi- 
dence for altered lipid absorption or digestion 
incident to pentolinium therapy. It is sug- 
gested that the alteration is qualitative in 
nature, since body weight remained stable 
over a year of treatment in most of the 
patients. 

ADDENDUM 

Since the completion of this paper, a similar fall 
of serum cholesterol has been observed in patients 
treated with mecamylamine or chlorisondamine ; 
the decrease averaged 26 per cent of control values 
in a group of 10 patients. It was again noted 
that the greater effect was in patients with higher 
initial cholesterol values. 


SUMMARIO IN INTERLINGUA 

Le cholesterol del sero esseva determinate 
in stato Jejun in 11 patientes con sever hyper- 
tension arterial ante e periodicamente durante 
le tractamento con pentolinium. In 9 del 11 
patientes, un reduction de cholesterol esseva 
notate post le tractamento, amontante a un 
valor medie pro le gruppo integre de 57,8 pro 
cento. Iste constatation esseva corroborate 
additionalmente in tanto que le nivellos del 
cholesterol seral montava in 6 del mesme pa- 
tientes durante un periodo de tractamento a 
medication fictitie. Le alterationes lipidic 
observate esseva apparentemente indepen- 
dente del effecto hypotensive de pentolinium. 


Un test de tolerantia de grassia oral revelava 
plus basse nivellos postprandial de lipemia 
in 6 subjectos durante tractamento a pentoli- 
nium que durante tractamento a medication 
fictitie. 


como prova de un alterate absorption o diges- 


Iste constatation esseva interpretate 


tion de lipido in association con le therapia 
a pentolinium. Es exprimite le opinion que 
le alteration es de character qualitative, 
proque le pesos corporee remaneva stabile in 
le majoritate del patientes in le curso de un 
anno de therapia. 
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Pulmoniec Stenosis with Intact Ventricular Septum 


Treatment Utilizing Extracorporeal Circulation 


By Dwicut C. McGoox, M.D., ann Jonn W. Kirkurnx, M.D. 


Pulmonic stenosis unassociated with a ventricular septal defect of significant size is often a complex 
abnormality. The stenosis may be valvular, infundibular, or both, and may be associated with 


an atrial septal defect or even with a small ventricular septal defect. Preoperative studies cannot 
accurately predict these variations. The surgical approach selected for such patients should permit 
the correction of each of the cardiac defects encountered. That this can be accomplished by means 
of extracorporeal circulation and open cardiotomy is demonstrated by the presented series of 10 


cases without operative mortality. 


ULMONIC stenosis may be valvular, sub- 

valvular, or both valvular and subvalvu- 
lar. Although often occurring as an isolated 
defect, it may be associated with certain other 
intracardiac abnormalities. These several pos- 
sible combinations of defects have resulted in 
difficulties of classification and in discrepancies 
of terminology. 


DEFINITIONS 


To a considerable degree, matters of classi- 
fication and terminology are arbitrary, but it is 
important that all terms be clearly defined. 
The distinction between valvular pulmonic 
stenosis and subvalvular or infundibular pul- 
monic stenosis is now generally recognized. 

In the tetralogy of Fallot, there is, in addi- 
tion to pulmonic stenosis, a ventricular septal 
defect of a size that approximates that of the 
aortic orifice. At the opposite extreme is the 
heart in which there is pulmonic stenosis and 
an intact ventricular septum. Difficulty in 
classification is posed by the heart with pul- 
monic stenosis, but with a very small ventricu- 
lar septal defect. Since patients with this 
combination seen-at the Mayo Clinic have 
clinically resembled those patients with pul- 
monic stenosis and intact ventricular septum, 
it appears wise from a practical standpoint to 
classify these in the same group. They might 
be designated as having “pulmonic stenosis 
with essentially intact ventricular septum.” 
Efforts to distinguish these hearts from those 


From the Mayo Clinic and the Mayo Foundation, 
Rochester, Minn. The Mayo Foundation, Rochester, 
Minnesota, is a part of the Graduate School of the 
University of Minnesota. 





with so-called ‘tetralogy of Tallot’? on the 
basis of the presence or absence of dextroposi- 
tion of the aorta, or the nature of the pulmonic 
stenosis, have not been satisfactory. 

The present study deals with pulmonic 
stenosiseither withan intact ventricular septum 
or with a very small ventricular septal defect. 
In this type of cardiac deformity there also 
may or may not be an interatrial communica- 
tion that permits usually a right-to-left shunt, 
and less commonly a left-to-right shunt.!:? 


CHARACTERISTICS OF THE PULMONIC STENOSIS 


It is believed of primary importance to re- 
emphasize that infundibular stenosis is fre- 
quently encountered in those patients having 
pulmonic stenosis with an intact ventricular 
septum. Previously, several reports** have been 
made of patients having isolated valvular 
pulmonic stenosis and an intact ventricular 
septum, with the apparent exclusion of any 
such patients also having infundibular pul- 
monic stenosis. The misconception might 
thereby arise that ‘» all such patients the 
pulmonic stenosis i. ‘lusively valvular. On 
the other hand, even the nonsurgical literature 
reports an incidence of infundibular stenosis 
as high as 147 to 25 per cent® in these patients, 
either alone or in combination with valvular 
stenosis; in certain surgical series where in- 
fundibular stenosis has been looked for care- 
fully, an equally high or higher incidence has 
been found.®: '® Infundibular stenosis occurred 
with similar frequency in our total experience 
with the indirect technic of pulmonic valvot- 
omy. 
Thirty-two 


patients classified as having 





Circulation, Volume XVII, February 1958 






PULMONIC STENOSIS WITH INTACT VENTRICULAR SEPTUM 181 


TaBLe 1.—Incidence of Association of Valvular and 
Infundibular Stenosis in Pulmonic Stenosis with 
Presumably Intact Ventricular Septum 


Valvular stenosis | Combined valvular 
unassociated with and significant 
significant infundi- infundibular 


Age (years) bular stenosis stenosis 


Pa Per cent Pa- Per cent 
tients of total tients | of total 


Less than 15 14 78 4 22 


15 or more 5 36 9 
All ages 19 59 13 


pulmonic stenosis with intact ventricular 
septum have undergone operation at the Mayo 
Clinic by the closed technic with transventric- 
ular approach to the pulmonic valve. The 
first 12 have been previously reported in detail.® 
In 13 of the 32 patients (41 per cent) the pul- 
monic stenosis was combined with significant 
infundibular stenosis (table 1), and in 5 of these 
13 the infundibular stenosis was severe.* 
Numerous additional authors have recognized 
the occurrence of infundibular stenosis in this 
type of cardiac anomaly."'-' It should be 
realized, however, that only pressure deter- 
minations betore and after pulmonic valvotomy 
can accurately detect certain associated in- 
fundibular stenoses that might otherwise have 
been overlooked. 

Recently a distinction has been recognized 
between the infundibular stenosis as found in 
this group having an intact ventricular septum 
and the infundibular stenosis associated with 
a large ventricular septal defect. The possibil- 
ity has been suggested: '* that muscular hy- 
pertrophy of the right ventricular outiow 
tract, secondary to pulmonic valvular stenosis. 
may cause obstruction from its own bulkiness 
and sphincterlike action, and thus perpetuate 
a vicious cycle of stenosis, hypertrophy, and 
more stenosis. 

Furthermore, it is of interest that infundib- 
ular stenosis in association with valvular 
pulmonic stenosis apparently occurs with 
greater frequency in adults than in children, 


* Infundibular stenosis is considered significant 
when the low right ventricular systolic pressure is 
more than 20 mm. Hg greater than that in the infun- 
dibular zone, and severe when it is more than 40 mm. 
Hg greater. 


suggesting that time is required for the develop- 
ment of obstructing muscular hypertrophy of 
the infundibulum. This is again demonstrated 
by our series of patients operated on by the 
closed approach. As shown in table 1, the in- 
cidence of significant infundibular stenosis in 
addition to valvular stenosis increased from 22 
per cent in children to 64 per cent in patients 
15 years of age and older. Yet the infundibular 
stenosis encountered in this group of patients 
cannot be entirely the result of secondary 
muscular hypertrophy, for it may occur, as in 
cases 2 and 6 in table 2, in hearts with normal 
pulmonary valves. 


FEASIBILITY OF COMPLETE SURGICAL 
CoRRECTION 


Pulmonic stenosis with essentially intact 
ventricular septum may thus consist of valvular 
or of infundibular stenosis, or of both, and may 
be associated with an atrial septal defect, or 
a small ventricular septal defect, or both. If it 
can be demonstrated that all these abnormal- 
ities are correctable with little or no additional 
operative risk, obviously this should be prefer- 
able to only partial correction. 

A total of 10 patients with this condition 
have been operated on by means of extra- 
corporeal circulation and open cardiotomy at 
the Mayo Clinic prior to January 1, 1957. A 
summary of the essential data in these cases is 
presented in table 2. 

All patients were free of peripheral edema at 
the time of operation. All had a loud coarse 
systolic murmur and a palpable thrill in the 
pulmonic area. The second pulmonic sound was 
obscure or absent in all except case 8. The 
electrocardiograms and roentgenograms showed 
alterations commensurate with the anatomic 
and hemodynamic findings. 

It should be noted from table 2 that the 
preoperative right ventricular systolic pressures 
ranged from 83 to 227 mm. Hg and that the 
systolic pressure gradient between the right 
ventricle and the pulmonary artery ranged from 
52 to 210 mm. Hg. At operation the pulmonic 
stenosis was found to be exclusively valvular 
in only 2 patients and entirely infundibular 
in 3 patients; both infundibular and valvular 
stenosis were found in the remaining 5 patients. 
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se 


Fic. 1. The stenotic pulmonic valve is being incised along the vestigial commissure through a pul- 
monary arteriotomy (inset). High infundibular stenosis and hypoplasia of the outflow tract of the 
right ventricle were also present, and these were not adequately relieved by resection of infundibular 
tissue. Therefore a diamond-shaped piece of compressed Ivalon was inserted as illustrated to 
eliminate the narrowing of the outflow tract. 


Small atrial septal defects, located in the fora- 
men ovale, were present in 3 instances, and 
ach was closed through an open right atriot- 
omy. Two patients had a relatively large 
atrial septal defect, each of which was similarly 
closed. In addition, 2 instances of a probe- 
patent but valvular-competent foramen ovale 
were noted but were not treated. 

Very small ventricular septal defects were 
present in 2 hearts; in both of these the pul- 
monic stenosis was infundibular, without 
valvular obstruction. In case 4, the defect lay 
just inferior to the infundibular stenosis, and 
in case 6, just superior to it. Both ventricular 
septal defects were closed through the open 
right ventriculotomy. 

Each of the 7 stenotic pulmonic valves could 
be precisely opened under direct vision. In 6 


cases the valve was approached through an 
incision in the main pulmonary artery, as 
shown in the inset of figure 1. The | remaining 
stenotic valve was incised through the right 
ventriculotomy. 

Resection of the infundibular stenosis under 
direct vision was performed in each case 
through a right ventriculotomy. Of extreme 
interest is the fact that during 2 of the 5 opera- 
tions (cases 1 and 5) on hearts with associated 
infundibular and valvular stenosis, the presence 
of the infundibular stenosis was not suspected 
during the pulmonic valvotomy through the 
pulmonary artery. Only after normal blood 
flow through the heart and lungs had been 
resumed, and extracorporeal circulation had 
been discontinued, did measurements of right 
ventricular and pulmonary arterial pressures 





184 


demonstrate infundibular stenosis. It was then 
necessary to re-establish extracorporeal circula- 
tion, open the right ventricle, and resect the 
infundibular stenosis. 

In the ninth patient of this series, the infun- 
dibular stenosis was subvalvular and could not 
be relieved by simple excision of redundant 
muscular and endocardial tissues, and thus 
resembled the condition in a number of patients 
previously encountered in our tetralogy series. 
This patient was treated by a technic!’ that 
has been employed in certain patients with 
tetralogy. Even after excision of all possible 
redundant infundibular tissues, it became 
obvious that closure of the infundibular portion 
of the right ventricular incision would result in 
residual infundibular stenosis. Consequently 
this portion of the incision was not closed, but 
rather hemostasis and continuity of the right 
ventricular wall were accomplished by the 
insertion of a diamond-shaped piece of com- 
pressed Ivalon. This was sutured carefully 
about its periphery to the epicardial edge of the 
ventriculotomy wound, as depicted in figure 1. 
The technic is somewhat analogous to the 
pyloromyotomy that is employed in the treat- 
ment of hypertrophic pyloric stenosis. 

Especially to be noted from table 2 are the 
pressure measurements recorded at operation 
following relief of the pulmonic stenosis. The 
systolic pressure gradients between the right 
ventricle and the pulmonary artery range from 
0 to 35 mm. Hg, with an average of 16 mm. 
Hg. 

There were no operative deaths in the series, 
and the only serious postoperative complica- 
tion occurred in the first patient. She died 3 
months after cardiac operation, shortly after 
the removal of an acute saddle embolus of the 
aoita. Just prior to this event she had made 
rapid progress following a stormy convales- 
cence. 

The remaining 9 patients have had excellent 
results. They were dismissed from the hospital 
10 to 18 days after operation. Only 1 diastolic 
murmur (limited to early diastole) has been 
detected postoperatively, and indeed, 2 cases 
(cases 2 and 6) have shown complete absence 
of all murmurs. The remainder show systolic 


pulmonic murmurs. The electrocardiographic 
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pattern of right bundle-branch block, complete 
or incomplete, was consistently encountered 
postoperatively. 


TECHNIC OF OPERATION 

The surgical technic employed in these patients 
requires little description beyond that previously 
presented. The basic principles and technics for 
whole-body perfusion utilized for these operations 
have been described.?°: #! 

Atrial septal defects are closed through a right 
atriotomy. The stenotic pulmonic valve is repaired 
through an incision in the main pulmonary artery 
by radial incisions made with scissors to produce a 
tricuspid or bicuspid valve (fig. 1). 

Ordinarily, infundibular stenosis may be re- 
lieved simply by excision of redundant infundibular 
muscle and thickened endocardium with the scalpel 
and scissors. As in 1 instance in the series reported 
here, however, the insertion of an Ivalon prosthesis 
to relieve a high infundibular stenosis may be 
required. 

There are, of course, many details that require 
attention in the operative and postoperative manage- 
ment of these patients, perhaps the most important 
of which are accurate blood replacement and fru- 
gality in the administration of fluids. 


DISCUSSION 


Three general types of surgical technic for 
the relief of pulmonic stenosis with intact 
ventricular septum are currently applicable, 
namely, an indirect approach, a direct approach 
with use of hypothermia, and a direct approach 
with use of extracorporeal circulation. The first 
utilizes an indirect or blind access to the val- 
vular stenosis, either by way of the right ven- 
tricle as introduced by Brock” and by Sellors,” 
or by way of the pulmonary artery as intro- 
duced by Pettersson.** Cutting and dilating 
instruments are passed through the stenotic 
pulmonic valve. The low mortality rate of this 
procedure and the excellent postoperative 
subjective improvement are gratifying. 

However, objective postoperative studies 
have shown less than the desired reduction of 
the pressure gradient between right ventricle 
and pulmonary artery in the majority of these 
cases.2-> 9 27 The prognostic significance of 
this result will not be fully appreciated until 
prolonged follow-up studies are available. 
Furthermore, associated anomalies, including 
atrial septal defect, ventricular septal defect, 
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ind infundibular stenosis, cannot be readily 
repaired when this technic is used. 

In our experience with this indirect procedure 
it has been particularly those patients ex- 
hibiting cyanosis preoperatively who have had 
the less satisfactory results. A mortality rate of 
36 per cent of the 14 patients in the cyanotic 
group is compared to 0 per cent of the 18 in the 
acyanotice group. Even significant reduction of 
right ventricular pressures, which occurred 
in 7 of the 9 surviving cyanotic patients, 
resulted in a satisfactory relief* of cyanosis in 
only 3. For these reasons we have now aban- 
doned the indirect approach to the pulmonary 
valve in patients who are cyanotic. 

Swan and his associates*®: > have presented 
their experience in which hypothermia and 
circulatory arrest are instituted to enable 
direct-vision valvuloplasty through a pulmo- 
nary arteriotomy. In their reported series, a 
“total cure’? was accomplished in 11 of the 12 
patients—an excellent record. 

An argument might be made against the use 
of hypothermia in the treatment of pulmonic 
stenosis, however, because satisfactory in- 
fundibular resection by this technic would 
seem both difficult and dangerous. Since, as 
shown, infundibular stenosis is frequently 
encountered in pulmonic stenosis with an intact 
ventricular septum and often cannot be ac- 
curately predicted preoperatively, one must 
accept the possibility of incomplete relief of 
pulmoni¢ stenosis in this sizable group if the 
technic employing hypothermia is used. 

It is true that in our experience and that of 
others, in some patients infundibular stenosis 
that was demonstrated at cardiac catheteriza- 
tion during the first few weeks after valvotomy 
regressed completely in the 12 to 18 months 
after operation. Nonetheless, there is evidence 
that severe residual infundibular stenosis adds 
to the hazards of the pestoperative period, 
and it is on this account that one may have 
some concern as to the routine choice of hypo- 
thermia for the management of these cases. 

The third approach to the surgical treatment 
of these patients utilizes extracorporeal circula- 

* A residual right-to-left shunt of less than 15 per 


cent, or a resting arterial oxygen saturation of more 
than 92 per cent. 


tion and any or all of ventriculotomy, atriot- 
omy, and pulmonary arteriotomy, thus pro- 
viding optimal conditions for restoration of 
normal anatomy. 

lor cyanosed patients with pulmonic steno- 
sis and intact ventricular septum, it is our 
practice to use extracorporeal circulation, thus 
permitting closure of the atrial septal defect 
and repair of the pulmonic stenosis. Likewise, 
whenever the presence of infundibular stenosis 
is suspected from catheterization data or 
because of the empirical observation of its 
frequency of occurrence after childhood, extra- 
corporeal circulation with open cardiotomy is 
selected. Only when valvular pulmonic stenosis 
is strongly suspected of being a truly isolated 
lesion is there some room for debate, in our 
opinion, in choosing between extracorporeal 
circulation, hypothermia, or a closed technic. 
lurther experience is necessary before final 
conclusions can be made on these matters. 


SUMMARY 


Pulmonic stenosis with presumably intact 
ventricular septum is frequently a complex 
abnormality, for the stenosis may be valvular 
or infundibular and may be associated with an 
atrial septal defect or even with a small! ventric- 
ular septal defect. 

The feasibility of complete correction of 
these several possible associated cardiac ab- 
normalities, by means of extracorporeal circu- 
lation and open cardiotomy, is exemplified 
by the presented series of 10 cases without 
operative mortality, in 9 of which an excellent 
result was obtained. One patient died 3 months 
after operation. 


SUMMARIO IN INTERLINGUA 


Stenose pulmonic con septo ventricular 
apparentemente intacte es frequentemente un 
anormalitate complexe, proque le stenose pote 
esser valvular o infundibular e pote esser 
associate con un defecto atrio-septal o mesmo 
con un parve defecto ventriculo-septal. 

Le practicabilitate del correction complete 
de iste varie cardiac de 
occurrentia associate possibile, effectuate per 
medio de circulation extracorporee e car- 
diotomia aperte, es exemplificate per le hic 


anormalitates 
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presentate serie de 10 casos sin mortalitate 
operatori. In 9 casos le resultato esseva ex- 
cellente. Un patiente moriva 3 menses post le 
operation. 
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Intravenous Protein-Free Pyrogen 


A Powerful Fibrinolytic Agent in Man 


By Kurt N. von Kavu.ua, M.D. 


Administration of a variety of nonfibrinolytic, nonenzymatic substances induces fibrinolysis 
in man. The most potent materials of this type known at present are purified protein-free 
pyrogens. Their action after intravenous injection on the human fibrinolytic system, on 
some of its components, and on the clotting system of 67 individuals has been studied. The 
possible therapeutic implications are discussed of the marked fibrinolysis. 


HE obvious therapeutic value of activa- 

tion of fibrin-dissolving potentialities of 
the circulating human blood in thromboem- 
bolic disorders, has stimulated many efforts 
to achieve this goal. These attempts may be 
classified under 2 general headings: injection 
of proteolytic enzymes, and the activation of 
plasminogen in the body itself. The most 
important drugs known to produce fibrinolysis 
in human beings and some of their character- 
istics are summarized in table 1. 

The induction of fibrinolysis in the human 
body with nonenzymatic material can be pro- 
duced (table 1) in many ways. In the ma- 
jority of cases, however, the fibrinolytic re- 
actions are either weak or too irregular to be 
of therapeutic value. 

The observation of Eichenberger,' that 
Westphal’s' purified 
pyrogen produces fibrinolysis in man after 
intravenous injection, was therefore of spe- 
cial interest. We have confirmed these pre- 
liminary findings and have extended these 
observations considerably with more compre- 


highly protein-free 


hensive studies. The protein-free pyrogens 
described below, as far as we have been able 
to determine, are the most potent nonen- 
zymatic fibrinolysis-inducing agents known 
at present. 


From the Department of Medicine, University of 
Colorado School of Medicine and the Belle Bonfils 
Memorial Blood Bank, Denver, Colo. 

This work was done during the tenure of Research 
Fellowship of the American Heart Association. Sup- 
ported by grants-in-aid from the American Heart As- 
sociation and the Wander Foundation, Chieago, Til. 


In this paper the pyrogenic materials used 
and their action in man are described with 
special emphasis on fibrinolysis. A short 
summary of some of our experiments has 
previously been given.'* 


MATERIAL AND METHODS 


Pyrogens. Two pyrogens were used. 1. Prepara- 
tion 1064 is derived from Salmonella abortus equi 
and has a molecular weight of about 1 to 2,000,000. 
It consists of 30 to 40 per cent phospholipids, 6 to 
10 per cent esters of phosphorie acid, and 55 to 
60 per cent different sugars and is free from pro- 
teins and amino acids. 2. Preparation 1083 is de- 
rived from Escherichia coli and has been acetylated. 
Its analysis reveals a composition of 50 per cent 
sugars, 25 to 27 per cent acetyl groups, 18 per 
cent phospholipid components, and 5 per cent 
esters of phosphoric acid. Its molecular weight is 
about 1,000,000. Both preparations are water sol- 
uble. They were donated as sterilized solutions in 
ampules by the Wander Company, Chicago. Prep- 
aration 1064 had 1 ug. per ml., preparation 1083 
had 100 ug. per ml. 

To study the nature of the fibrinolytic reaction 
induced by these pyrogens the following methods 
were used : 

Fibrinolysis. (a) A continuous recording (co- 
agulogram) of fibrin formation and dissolution of 
recalcified citrated plasma” was made. One part 
of 3.8 per cent sodium citrate to 4 parts of blood 
was used, spun for 5 minutes at 1,500 g and re- 
calcified with one tenth volume of 0.5 molar eal- 
cium chloride. (b) The dissolution time was meas- 
ured of a plasma clot from 0.3 ml. of undiluted 
plasma plus 0.01 ml. of thrombin 200 U per ml., 
and (c) also the dissolution time of a thrombin 
clot from plasma diluted 1:19 with buffered 
saline. (d) Measurement of the dissolution time 
of a clot obtained from euglobulins: (precipitate 
was formed after carbon dioxide saturation of 
plasma diluted 1:19 with distilled water) ; euglob- 
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TABLE 1.—Summary of the 
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Vost Important Drugs Producing Fibrinolysis In Man 








Duration 


Intensity 
f of action 


Drug of action 


Trypsin weak short 


i.v 


Plasmin strong during 
1.V. infusion 


Streptokinase during 


infusion 


strong 
i.v. 


Acetylcholin 
lv. 


strong few minutes 


Epinephrine weak fraction of 


3.€. hours 
Irgapyrine i.v. 
Butazolidine i.v. 


very weak minutes to 


hours 


Paraamino-benzoic very weak | few hours 


acid oral 


minutes to 
hours 


Novocain i.v. weak 


Protamine 


weak to minutes 


sulfate i.v. | strong 


Typhoid vaccine 
(not shock free) 


strong hours 


ulins, prepared from 0.3 ml. of plasma, were dis- 
solved in 0.3 of buffered saline and clotted 
with 0.01 ml. of thrombin. (e) Determination of 
the lysis time of a plasma clot made according to 
“b,” but after addition of urofibrinolysokinase” of 
standard activity. (f) Fibrin plates: The bovine 
plates were made based on the procedure of Las- 
of the Astrup-group. The plasma plates 
were developed by us. Unheated bovine plates: 
Ten milliliters of a 0.6 per cent bovine fibrinogen 
(Armour) were dissolved in buffered saline in an 
Erlenmeyer flask, pH adjusted to 7.4 if neces- 
sary, and chilled, 0.1 ml. of thrombin solution was 
added, mixed, and the mixture rapidly poured 
into a carefully leveled flat-bottom Petri dish. 
Clotting within 30 seconds. The plate 
incubated for 10 minutes at 37 C. before 
Heated bovine plates: These were prepared 
as indicated using 0.4 per cent bovine fibrinogen 
and heated for 45 minutes at 85 C. after the 
initial ineubation. Human plasma plates: Blood 
was drawn with siliconized equipment and spun 


ml. 


sens* 


oceurs 
was 
use, 


ves 


y 
tosome | neutralizes anti- 
| extent 


| Active in | 
| test tube | 





Mechanism of 
action 


Reference 


Remarks | no 


Effect is 
uncertain 


| direct digestion of 
fibrin. Activation of 
plasminogen. 


direct digestion of 
fibrin 


| activation of 
proactivator 


; 
effective near 
shock level 





effect is 
uncertain 


| effect is 
uncertain 


| effect is 
uncertain 


| effect is 
plasmin? Activates | uncertain 


plasminogen? 


| | 
| | 

| ? | considerable 
side reactions 


at 900 g¢ at 4 C. for 10 minutes. Ten milliliters of 
plasma so obtained were either poured into silicon- 
ized Petri dishes and allowed to clot spontaneous- 
ly, or 0.04 ml. of thrombin solution was added 
before placing the plasma in the dishes. 

The recalcification method as indicated under 
a’ was chosen to avoid dilution of the specimen, 
which is bound to bring about disturbance in the 
equilibrium inhibitors, activators of both clotting 
and fib‘inolytie components. The recalcification 
times obtained by the above method are roughly 
comparable with the Lee-White times. 

Method ‘hb’ was the standard method used for 
measurement of fibrinolysis throughout the study. 
For detection of weak lysis tendency, method ‘e’ 
was used, early in the investigation. 

Studies were carried out with 7 patients, who 
showed marked induced fibrinolysis by Schultz et 
al.” of the Research and Development Unit of the 
Fitzsimons Army Hospital, the 
synthetic substrate method. 

Antifibrinolysin-Estimation. 


Denver, using 


For this estima- 
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tion the supernatant fluid remaining after re- 
moval of euglobulins was used. It was free of 
fibrinolytic activity, even when prepared from 
very fibrinolytic plasma specimens. A mixture of 
0.05 ml. of 1 per cent bovine fibrinolysin (Parke, 
Davis) and 1 ml. of 0.1 per cent bovine fibrinogen 
(Armour) treated with barium sulfate, was clot- 
ted with 20 units of bovine thrombin (Armour). 
A lysis time of 4 to 5 minutes resulted at 37 C. 
For the estimation of antifibrinolysin activity 
0.05 ml. of albumin solution was added and the 
lysis time was noted. With high antifbrinelysin 
titer no lysis oceurred in 24 hours. The average 
lysis time in the presence of the above amount 
of albumin sclution was 1 to 2 hours. 

All blood specimens were processed immediate- 
ly after venipuncture for fibrinolysis studies. In 
most instances, the tests with a, b, ¢, e, and f 
were started within 20 minutes, d, within 45 min- 
utes. 

Procedure with Patients. The pyrogenic ma- 
terial was injected intravenously in all instances 
with an injection speed of 20 seconds per ml. The 
patients were not fasting. Bed rest was ordered 
as long as the temperature was over 37.5 C. Tem- 
perature and blood pressure were taken every 30 
minutes. Of 67 patients, 36 were women in their 
second to fourth postpartal day in the age group 
17 to 37. The rest were female and male med- 
ical and surgical patients, ages 15 to 68. 

Pretreatment. The great majority of patients 
were premedicated in the hope of reducing side 
reactions and fever. Pabirin or Ascriptin were 
used according to the following schedule: Pabirin : 
4 am., 0.6 Gn ; 6 am., 0.6 Gm.; 8 a.m., intra- 
venous injection of pyrogen; 8:30 a.m., 0.9 Gm.; 
11 a.m., 0.9 Gm. Aseriptin: 10 p.m., 0.6 Gm.; 2 
a.m., 0.6 Gm.; 6 a.m., 0.9 Gm.; 8 a.m., intravenous 
injection of pyrogen, and 0.9 Gm.; 11 a.m., 0.9 
Gm. (2 p.m., 0.9 Gm., if necessary). In some in- 
stances Aminopyrine was used, which seemed 
however to have no advantage over Pabirin or 
Ascriptin. Ten-milliliter samples of citrated 
blood were taken before and at intervals after 
imjection and were processed immediately for 
fibrinolysis studies as indicated. The temperature 
was taken under the tengue with a TRI-R elee- 
tronic thermometer. 


RESULTS 


The pertinent data of all patients treated 
with intravenous pyrogens are summarized in 


*Table 2 has been deposited with the ADI-Auxiliary 
Publications Project, Photoduplieation Service, Li- 
brary of Congress. Copies may be obtained from this 
service (ADI document no. 5364) for $1.25. 
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table 2.* In the following, some results of 
particular interest will be emphasized : 


Onset and Duration of Pyrogen-Induced Fi- 
brinolysis and Its Relation to Dosage 


Euglobulin and Plasma Lysis. In serial 
determination maximal fibrinolytic activity 
always occurred between 90 and 120 minutes 
after intravenous injection of the pyrogen, 
irrespective of the intensity of the fibrinoly- 
sis. We found it best to test for peak activity 
at 105 minutes. The total period of fibrinoly- 
sis increased with increasing intensity (figs. 1 
and 2). 

The speed of fibrinolysis and its relation to 
the time elapsed after injection of the lipo- 
polysaccharides is clearly demonstrated by co- 
agulograms (figs. 1 and 2). They also indi- 
cate that fibrinolysis is not a linear process 
with respect to time, but proceeds at varying 
rates. The basic pattern of fibrinolysis is 
that of a slow onset followed by increasing 
disintegration speed of the coagulum, which 
then remains fairly constant for some time, 
and ends in a final slowdown. 

A dose of 0.15 to 0.2 pg. of 1064 or of 200 
to 350 ug. of 1083 regularly (38 out of 38 
patients) induced fibrinolysis except in 2 in- 
tensively heparinized patients (no. 15 and 
16), where negative results were obtained 
using the euglobulin technic alone. We found 
later that the lysis of euglobulin in the 
presence of heparin may be misleading. 
These and related observations will be re- 
ported elsewhere.” The euglobulin technic 
is otherwise very helpful in detecting lysis 
tendency when no lysis can be observed on 
24-hour incubation in the plasma or by ¢o- 
agulographic recording. Figure 3 illustrates 
this effect when injections of 100 ug. of 
1083 were used. 

This amount of pyrogen induces marked 
fibrinolysis in less than half of the cases. It 
appears from the 60-minute sample in fig- 
ure 3 that the euglobulin control in contrast 
to the undiluted plasma sample, which ex- 
hibits no fibrinolysis at all. 

Figure 3 demonstrates that the weak lysis 
tendency is shown much better by the euglob- 
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Fig. 1. Coagulographie pattern of plasma fibrinoly 
sis after intravenous injection of 0.2 ug. of pyrogen 
1064. 
ulin technic than by undiluted plasma lysis. 
Table 2 gives 11 examples (no. 4, 25, 29, 31, 
32-34, 51, 61, and 65) in which injection 
of small amounts of pyrogen shortened con- 
siderably the 105-minute lysis time of the 
euglobulin sample, as compared with the 
preinjection euglobulin control. There is thus 
demonstrated an increased lysis tendency by 
the use of pyrogen not detectable using un- 
diluted plasma alone. 

Figure 4 illustrates again the relation of 
euglobulin to undiluted plasma lysis time. 
Here the results of all tests done during 
pyrogen treatment of patient no. 14 are 
shown ‘graphically. This patient had a 
marked fibrinolysis without any significant 
temperature elevation. The 5-hour specimen 
showed a reduced euglobulin lysis time and 
there was no lysis in the plasma specimen at 
all; lysis was detectable only by the euglobu- 
lin technic. Figure 4 shows also another 
phenomenon which we call the rebound effect, 
and which is discussed in the following para- 
graph. 

Rebound Effect and Tolerance. The eu- 
globulin lysis time of the last 2 samples of 
the serial determinations of patient no. 14 
represented in figure 4 is longer than that of 
the preinjection sample. This is a character- 
istic finding in all our eases where serial 
euglobulin determinations were made, It was 
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Fig. 2. Coagulographie pattern of plasma fibrinoly- 
sis after intravenous injection of 300 ug. of pyrogen 
1083. 


observed that several postinjection euglobu- 
lin samples, after the fibrinolytic reaction 
had subsided, took considerably longer to 
lyse than the control. This prolongation was 
frequently still present after 24 hours (pa- 
tients no. 56, 58, and 59). The reduced 
tendency to lyse could also be observed when 
a standard amount of urofibrinolysokinase 
had been added to the serial specimens. The 
fibrinolysis induced by urofibrinolysokinase 
in some samples was always less intensive 
after disappearance of the pyrogen-induced 
fibrinolysis than that in the preinjection con- 
trol samples. This resistance to lyse spon- 
taneously (euglobulins) or after addition of 
activator (urofibrinolysokinase) to undiluted 
plasma is temporary. 

A second injection of pyrogen given 105 
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Fic. 3. Comparison of plasma and euglobulin lysis 
time in serial determinations after intravenous in- 
jection of 100 ug. of pyrogen 1083. 


minutes after the first one (first dose being 
100 wg., second dose being 50 yg., patients 
no. 62-66, or 150 ug., no. 67 respectively ) 
did not delay the ‘‘rebound’’ effect or pro- 
long the lysis period. Lysis could be pro- 
duced with the dose used in only one (no. 63) 
out of 6 cases during the rebound effect. 

At present we have no satisfactory ex- 
planation for the rebound effect that disap- 
pears in 24 to 48 hours. Our results tend 
to rule out any influence of antifibrinolysin. 
One of our cases was particularly spectacu- 
lar. A female patient (no. 11) exhibited 
spontaneous fibrinolysis in the preinjection 
specimen, the euglobulin lysis time being 31 
minutes and plasma lysis time 12 hours. A 
very marked lysis of 6 hours’ duration was 
induced by 300 pg. of 1083. Twenty-four 
hours after the injection, however, the eu- 
globulin lysis time was prolonged to 193 min- 
utes, which is within normal limits, and there 
was no lysis in the plasma upon 24 hours’ 
incubation. The rebound effect was strong 
enough to abolish a pre-existing considerably 
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Fig. 4. Euglobulin and plasma lysis in a pretreated 
individual who exhibited marked fibrinolysis without 
fever after intravenous injection of 300 ug. of pyro 
gen 1083. 


increased lysis tendency. 

Differing from the rebound effect is the 
tolerance. It is well known that fever and 
accompanying reactions tend to diminish 
when the same amount of pyrogen is in- 
jected repeatedly in 24-hour intervals. The 
results of our studies indicate that the fibrin- 
olytic reaction tends to become less and less 
marked after repeated injections in 24-hour 
intervals as well. For the determination of 
the lysis tendency the euglobulin technie had 
to be used because frequently the second 
injection brought about a much less intensive 
fibrinolysis of the undiluted plasma specimen 
or even failed to induce any plasma lysis. 
No plasma lysis at all was induced by the 
third injection. The euglobulin technic here 
still picks up inereased lysis tendency no 
longer demonstrable with plasma. These con- 
ditions are well demonstrated by the data of 
patients no. 55 and 57-61. Preliminary 
studies indicate that the period of tolerance 
may not last longer than 1 week (patients no. 
52-54) after the last injection. Possibly it 
might be broken through by larger pyrogen 
dosage for the second and still larger for 
the third injection. 

In 25 cases serial estimation of antifibrin- 
olysin was made. A characteristic example 
of 1 patient (no. 45) is given in figure 5. 
The arrows pointing downward in the lower 
row show the antifibrinolysin activity as ex- 
pressed in minutes of lysis time of the sys- 
tem, diluted albuinin-fraction bovine-fibrin- 
olysin bovine-fibrinogen-thrombin. There was 
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TABLE 3.—Influence of Incubation on Lysis Time of 
Fibrinolytic Plasma and the Corresponding 
Euglobulin Fraction 
1 | 

Lysis time of Lysis time of 
Incubation in min undiluted plasma euglobulins 
at 37C (min.) (min.) 


0 48 20 
20 63 8 
30 not done 6 
50 no clot 


TABLE 4.—Comparison of Lysis Time of Clots from 
Diluted (1:19) and Undiluted Plasma; i.v. Injection 


of 300 ug. of Pyrogen 1083. Serial Samples 








Lysis time plasma 


Time after injection undiluted diluted 
| 


> 24 hrs. > 24 hrs. 
24 hrs. > 24 hrs. 
45 min. 180 min. 
63 min. 240 min. 
75 min. 240 min. 
> 24 hrs. 


TABLE 5.—Reaction and Fibrin Formation Times in 
Plasma from Fourteen Fibrinolytic Patients. Each 
Figure Represents the Average Value of Fourteen 


Individual Measurements 








Min. after injection 
of pyrogen 1083 105 


Patients with lysis 


Reaction time min. 9.4 
Fibrin formation|'a | 8 
Half completed b | 17.4 


a. Time elapsed from start of fibrin formation 
min. 


hb. Time elapsed from start of clotting (min.). 


TABLE 6.—Marimal Temperatures of Thirty-Eight 
Patients with Less Than 180 Minutes Lysis Time 
after iv. Injection of 100 to 300 wg. of Pyrogen 

10838. All Patients were Pretreated 








Temperature range Number of patients 
I | 


Normal to 37.5 4 
37.6 to 38.0 6 
38.1 to 38.5 8 
38.6 to 39.0 
39.1 to 39.5 
39.6 to 40.0 
40.1 to 41.0 
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Fic. 5. Intravenous injection of 300 ug. of 
pyrogen 1083. Trend of fibrinolytic activity of plas- 
ma and euglobulin. Note rebound effect of euglobulin 
lysis time. Trend of antifibrinolysin activity. 


no spontaneous fibrinolysis in the control 
without fibrinolysin, when the albumin fraec- 
tion was prepared from the most active 
fibrinolytic samples. Figure 5 shows that 
the antifibrinolysin activity increases con- 
siderably 60 minutes after intravenous in- 
jection of the pyrogen. The antifibrinolysin 
activity is then reduced, but does not dis- 
appear entirely even at the peak of fibrino- 
lytie activity. Subsequently it returns with 
some fluctuations to values exceeding the pre- 
injection levels. 


Of interest is the ‘‘rebound effect’’ pro- 


ducing a euglobulin lysis time in samples 6, 
7, and 8 considerably longer than those of 
the preinjection sample. The rebound effect 
of sample 6 coincides with a reduced antifi- 
brinolysin activity. This observation, made 
repeatedly, led us to the conclusion that an- 
tifibrinolysin activity is not related to the 
rebound effect. The general pattern of anti- 
fibrinolysin activity in patients with pyrogen- 
induced fibrinolysis is basically that shown 
in figure 5. There is commonly a rise in ac- 
tivity in the first hour after injection, then 
a reduction of activity at peak fibrinolysis 
and for a short time thereafter. Then after 
more or less pronounced fluctuations control 
values are obtained in 24 hours. In these 


same cases no changes in antifibrinolysin 
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were seen in spite of the presence of a 
marked lysis. 

There was no indication that the status 
of antifibrinolysin activity before pyrogen 
treatment has any bearing on the outcome of 
the intensity of the induced fibrinolysis. 
Marked fibrinolysis could be induced at any 
antifibrinolysin activity. 

Effect of Incubation of Fibrinolytic Plas- 
ma and Euglobulin. Plasma and euglobulin 
samples of the most active 105-minute speci- 
mens were incubated for various times, 
clotted, and the lysis time measured. Results, 
as shown in table 3 are characteristic. As the 
incubation time increased the lysis time of 
the plasma also increased due to inactivation 
by the inhibitor of the fibrinolytic enzyme 
present in the plasma. In contrast the lysis 
time of the euglobulin fraction, which is es- 
sentially free of inhibitors, decreases on in- 
cubation, due to partial digestion of fibrino- 
gen. In the euglobulin sample chosen for 
table 3, no clot was obtainable after 50 min- 
utes of incubation, since the fibrinogenolysis 
was complete. For comparable and clearly 
defined results both plasma and euglobulin 
samples should be processed immediately. 

Lysis in Undiluted Serum versus Lysis in 
Diluted Serum. 
that the dissolution of clots obtained from 
diluted plasma (1:19) be observed to discover 
weak lysis tendency.?! 7? Clots from undiluted 
plasma may show no noticeable lysis under 
these conditions, whereas those from diluted 
plasma do show lysis. It was thought that this 
phenomenon may be due to dilution of the 
inhibitor to ineffective levels in the diluted 
plasma. In our studies however the diluted 
samples consistently required much longer to 
lyse (if they lysed at all in 24 hours) than 
the undiluted samples prepared from the 
same plasma. A representative example is 
given in table 4. 

The difference in lysis time of diluted and 
undiluted plasma during pyrogen-induced 
lysis can be interpreted by the assumption 
that the fibrinolysis is caused by the release 
of an activator for plasminogen, the activity 
of which is reduced by dilution. 


It has been recommended 
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Pyrogen-Induced Fibrinolysis and Clotting. 
Serial coagulograms were run of a number of 
patients who exhibited marked fibrinolysis. 
To obtain the complete sequence of data shown 
in table 5, only those patients were selected in 
whom fibrinolysis, though marked, started 
after the fibrin formation was completed. The 
lysis of the most active sample frequently 
started before completion of fibrin formation, 
making it impossible to obtain complete data. 
For technical reasons it was not always pos- 
sible to obtain more than 5 consecutive co- 
agulograms of a single patient. The reaction 
time (the time elapsed from recalcification to 
the measurable start of fibrin formation) and 
also the time required to form half of the 
fibrin were measured. It was found that the 
reaction time was considerably reduced during 
and sometimes after the fibrinolytic period. A 
marked increase in the speed of fibrin forma- 
tion was concomitantly demonstrable. The 
deviations from preinjection values of the re- 
action and fibrin formation times can reach 
considerable proportions as is shown in table 5. 

Table 5 shows the progressive shortening 
of the reaction time and fibrin formation 
time during pyrogen induced fibrinolysis. 
The greatest intensity of acceleration of clot- 
ting is reached 150 minutes after injection 
of the pyrogenic material. At this time the 
fibrinolytic activity had already begun to 
subside. At this moment the fibrin forma- 
tion time is reduced to nearly half of its pre- 
injection value. The 195-minute sample re- 
veals that the fibrin formation time begins 
to shift toward preinjection values, whereas 
the reaction time has no tendency to normal- 
ize at this point. For cases in which we 
could obtain a complete coagulogram series, 
return to preinjection values for reaction 
and fibrin formation time occurred at or 
after the fourth hour following injection. 

Relation of Temperature Elevation to In- 
tensity of Fibrinolysis. No close relation was 
found between the height of the fever and 
the speed and intensity of fibrinolysis. Marked 
fibrinolysis, i.e., less than 180 minutes lysis 


time of undiluted plasma, occurred at any 
body temperature (table 6). In this table the 





194 


fibrinolysis time of the undiluted plasma 
specimen obtained 105 minutes after injee- 
tion of the pyrogens and the highest tem- 
peratures reached in the postinjection period 
are recorded. The fibrinolysis peak always 
preceded the fever peak. 

Eleven patients developed fever over 38 C. 
and exhibited poor fibrinolysis, lysis time of 
undiluted plasma being longer than 180 
minutes, and an additional 4 had fever over 
38 C. with no fibrinolysis at all. One patient 
(no. 56) who was treated for occlusion of 
the internal carotid artery, showed fibrinoly- 
sis after pyrogen injection. He developed 
spontaneous fever above 41 C. 36 hours later. 
During this temperature elevation the blood 
showed no fibrinolytic activity. 

Pretreatment with Antipyretics and Their 
Interaction with Fibrinolysis. We have 
found that complete suppression of fever or 
side reactions by premedication did not re- 
sult in a reduction of the fibrinolytic re- 
sponse. On the contrary we found that pre- 
treatment may even enhance the fibrinolytic 
reaction. 

One series of 23 patients received 100 to 
150 ug. of 1083. Of 7 unpretreated patients 
in this group, only 2 showed fibrinolysis, 
whereas of 16 pretreated patients 13 exhibited 
fibrinolytic reaction. In this series a combi- 
nation of Pabirin and additional Ascriptin 
was administered, since it had previously been 
shown (see table 1) that a high dosage of 
paraaminobenzoiec acid alone may induce 
some fibrinolytic activity in man. 

General Observations on Pyrogen-Induced 
Reactions. The temperature started to rise 
30 to 60 minutes after the intravenous in- 
jection of the pyrogen, reached a maximum 
in about 3 to 4 hours, and returned to normal 
within 3 to 6 hours. The rise in temperature 
was preceded by the usual systemic mani- 
festations of fever, which were minor in most 
instances. Nausea was classified as a severe 
side reaction and vomiting as very severe. 
After all pyrogen-induced reactions had 
subsided, the patients expressed a sense of 
well-being and frequently became more or 
less euphoric. This fact should be considered 
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in evaluating the subjective symptoms dur 
ing thrombosis treatment with pyrogens. O 
57 patients treated with 100 to 300 pg. o 
1083, 2 had a very severe side reaction, 5 se 
vere, 17 moderate, 26 mild, and 7 none at 
all. Three patients of the 7 classified as 
‘‘very severe’’ and ‘‘severe’’ were not pre 
medicated. 

Blood Pressure and Blood. The blood 
showed the known response to pyrogens 
lymphopenia, eosinopenia, and_ leukopenia 
followed by leukocytosis. We have seen n¢ 
critical fall of blood pressure; however, hy- 
pertensive patients were not treated. In 
some instances there was a drop of 10 to 
15 mm. Hg for a few minutes in the first 2 
hours after injection. One patient (no. 56) 
showed marked transitory hypotension. 

Miscellaneous. Paracoagulation. In sev- 
eral instances it was observed that a narrow- 
ing of the coagulogram due to fibrinolysis 
was interrupted by a new widening followed 
by a narrowing as fibrinolysis proceeded to 
completion (fig. 1, 135-minute sample). In 
some cases, even after a complete lysis, a 
new minor clotting took place followed by a 
new lysis. This phenomenon of a new par- 
tial coagulation, after the sample had lysed 
completely, was first observed by Derechin®* 
and designated as paracoagulation. At pres- 
ent we explain this as an incomplete trans- 
formation of fibrinogen into fibrin in the 
sample and by a subsequent release of the 
thrombin adsorbed on fibrin during fibrin- 
olysis. This released thrombin then clots the 
remaining fibrin. 

Fibrin Plates. The active 105-minute 
sample induces fibrinolysis on plasma plates 
made from the patient’s preinjection plasma. 
This phenomenon enabled us to study the ac- 
tion of anticoagulants on human fibrinolysis. 
Preliminary results have been reported else- 
where.** It was also found that the lytic 
plasma samples were as active against heated 
bovine plasma plates as against unheated 
plates, indicating that the final activity of 
the lytic samples is primarily due to plasmin 
itself. 


Synthetic Substrates. The synthetic sub- 
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strates Tosylargininester and _ Lysinester 
were not attacked even by the most active 
plasma samples. These substrates are easily 
split by purified plasmin. It is assumed that 
inhibitors present in plasma suppress the 
esterase activity of the fibrinolytic enzyme. 
Details have been reported by Schultz and 
co-workers.!® 

Induction of Lysis in Control Samples. The 
active 105-minute sample of undiluted plasma 
induced fibrinolysis in the preinjection control 
plasma samples. The required concentration 
of the active plasma preinjection plasma for a 
fibrinolysis in 24 hours varied between 5 and 
30 per cent depending on its activity. Tuysis 
was also induced in rabbit plasma, but much 
higher concentrations were required. 

Storage. The activity of the frozen samples 
decreased only gradually when frozen at 
15 C. Half of the activity was found in 1 
sample after 10 months’ storage. 

Animal Studies. It was not possible to 
induce fibinolysis with pyrogens used in this 
study in rabbits and dogs. 


Discussion 

The injection of highly purified pyrogens 
enables us to induce a marked fibrinolysis in 
human beings. Pyrogen injection, which is 
only one of many stimuli that can bring 
about fibrinolysis in man, is the most potent 
of nonenzymatic or nonproteolytic nature 
known at present. The stimulating material 
may be of endogenous or of exogenous origin. 
In the case of endogenous origin, the patho- 
logic release of an activator for plasminogen 
(from prostate, uterus, or lung) is the prob- 
able method of activation. The mechanism 
of action of such exogenous-stimulating ma- 
terials as epinephrine, acetylcholin, anes- 
theties,?> butazolidine, paraaminobenzoid acid, 
pituitary extracts, and other agents has not 
been clarified. None of these materials has 
any fibrinolytic or plasminogen-activating 
properties in vitro. According to our observa- 
tions the activity of antiplasmin plays no 
prominent part in the appearance of fibrino- 
lytie activity after administration of these 
substances, provided the stimulus is strong 
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enough. Activation of the fibrinolytic enzyme 
to a minor degree only may very well be 
masked by the presence of strong inhibitor. 
On the other hand more plasminogen ean al- 
ways be activated in a given amount of blood 
than the inherent antiplasmin is able to in- 
activate, provided the activation is carried far 
enough. We assume that the nonenzymatic 
stimulating exogenous compounds trigger the 
release of the activator of plasminogen from 
the tissue, either by acting directly on the cell 
membrane or by the intermediate of a central 
regulating mechanism. We were unable to 
demonstrate clearly the presence of an acti- 
vator in our studies, but this does not exclude 
the possibility of its presence. In experiments 
using an activator isolated from human urine 
we were able to demonstrate that the activa- 
tion of plasminogen proceeds more rapidly as 
the concentration of activator in the reaction 
mixture is increased. It may well be that the 
pyrogen injection brings about a sudden rise 
in the concentration of the activator (or pro- 
activator?) in the blood resulting in a rapid 
and extensive activation of plasminogen to 
plasmin, which masks the concomitant pres- 
ence of the activator itself. The results of the 
fibrin plate studies indicate that activated 
plasminogen is present, which could only 
occur by activation of its precursor. We are 
convinced that the definitely longer time of 
the diluted samples in contrast to that of the 
undiluted ones is indicative of the concurrent 
presence of an activator that is considerably 
reduced in aetivity when diluted. The lysis 
time of the clot from diluted plasma is primar- 
ily determined by plasmin already activated. 
This harmonizes with our earlier observa- 
tion*® °* that by injection of acid-activated 
swine plasmin into rabbits we brought about 
a fibrinolysis that is only detectable in diluted 
samples (in which the antiplasmin is diluted) 
and not in undiluted ones. It is hoped that 
future studies will reveal the details of the 
mechanism of induced fibrinolysis and should 
in particular clarify whether Astrup’s?$ ‘and 
Miillertz’*® proactivator takes part in the in- 
duction of fibrinolysis in the human cireulat- 
ing blood by unspecifie stimuli. It might then 
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be expected that therapeutic iysis can be in- 
duced by non-fever-producing substances. 
The findings reported in this paper raise 
anew the question of the interaction of fibrin- 
olytie enzyme and clotting factor. It was 
observed in coagulographie studies on earlier 
oceasions*®® that induction of fibrinolysis in 
human blood in vitro, either by streptokinase 
of swine or bovine fibrinolysins, is always com- 
bined with earlier onset of the beginning of 
fibrin formation. Serial coagulograms before 
and during pyrogen-induced fibrinolysis re- 
veal the same clotting pattern. Studies are 
under way to investigate the mechanism in- 
volved. It is thought that the increased ¢o- 
agulability during and after pyrogen lysis is 
not due to the pyretic action itself, but to 
the lysis tendency induced by them. The 
earlier onset and increased speed of fibrin 
formation during pyrogen-induced fibrinoly- 
sis represent a period of increased coagulabil- 
ity and might possibly have some bearing 
in thromboembolic conditions. Simultaneous 
heparin treatment is, at least theoretically, 
Anticoagulant treat- 
ment should be continued after the fibrino- 


therefore indicated. 


lytic reaction has disappeared, since fibrinol- 
ysis does not suppress hypercoagulability it- 
self (when present), but is only supposed to 
eliminate its most dangerous result, the in- 
travascular clot. Persistent hypercoagula- 
bility after induced lysis can abolish its bene- 
ficial effect by allowing formation of new 
clots. However, excessive heparin coneen- 
tration should be avoided, as we found with 
various technics that 125 and 525 yg. of 
heparin per ml. of plasma inhibit fibrinolysis 
in the test tube in contrast to 1, 5, and oc- 
casionally 25 yg. of heparin, which may 
enhance fibrinolysis.*° No investigations have 
been made to our knowledge to determine 
the effect of fibrinolysis on heparin activity. 
Theoretically it might be assumed that in 
heparinized fibrinolytic blood the hemostasis 
is more impaired than in heparinized blood 
alone. The fibrin formation proceeds at a 
very slow rate in heparinized blood (at hep- 
arin concentrations that delay but do not 
completely prevent clotting) with formation 
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In this 
situation, even a weak fibrinolytic reaction 


of a few strands at the beginning. 


may be sufficient to disintegrate those few 
strands and delay further the formation of 
a clot firm enough to produce hemostasis. 

In our series fibrinolysis was studied in 
the dissolution of clots that were formed in 
a fibrinolytic milieu, thus ensuring a_thor- 
ough distribution of the enzyme within the 
clot. This could rarely happen in the hu- 
man origin. In vivo the enzyme must work 
on a clot already formed. It can attack only 
from the exterior and not from within. These 
conditions are partially duplicated by the 
use of fibrin plates. To study the therapeutic 
possibilities of the fibrinolytic system fur- 
ther, standard clots in vitro formed in the 
absence of fibrinolytic enzymes must be used. 
These studies are currently under way in our 
laboratories. 

Our preliminary clinical observations com- 
bined with the findings of other students of 
the problem in human beings and in animals 
indicate that the clot already formed in the 
circulatory system can very well become 
smaller or disappear completely, if the cir- 
culating blood possesses marked fibrinolytic 
activity. It seems also to be true that the 
fibrinolytic distintegration of the preformed 
clot continues for some time after disappear- 
ance of fibrinolysis in the circulating blood. 
Extensive studies will be required to sub- 
stantiate these preliminary observations. The 
great affinity of the fibrinolytic enzyme for 
fibrin is well known. One of the early fibrin- 
olytic preparations was obtained from auto- 
lyzed fibrin.*! 

The data presented in this paper indicate 
that very marked fibrinolysis can easily and 
regularly be induced in human beings by in- 
jecting purified pyrogens. In none of our 
cases with marked induced lysis did bleeding 
occur. This was particularly remarkable for 
one case with low fibrinogen and prothrom- 
bin levels due to advanced liver cirrhosis 
(patient no. 5) and for all the postpartal 
patients who showed no increase in the blood 
content of their lochiae. In retrospect these 
observations are not too astonishing for the 





following reason. The fibrinolytic reaction 
in our series was induced by 2 pyrogens of 
different origin. Furthermore, Italian in- 
vestigators have used pyrogenic typhoid vac- 
cine for fibrinolytic treatment of thromboem- 
bolic disorders. We are entitled to assume 
that other pyrogens will have similar effects 
with possible side reactions. One wonders 
how many patients might have had a more 
or less marked fibrinolysis since the intro- 
duction of fever therapy by the injection of 
pyrogenic material. 

At present we have limited our studies 
on pyrogen-induced fibrinolysis and its ther- 
apeutiec applications to those conditions in 
which fever therapy is not contraindicated. 
This limitation excludes many situations in 
which attempts to dissolve a clot would be 
highly desirable as in coronary occlusion. On 
the other hand, we are in a position for the 
first time to induce a very marked fibrinoly- 
sis, with a high rate of success without re- 
sorting to enzymatic fibrinolytic material in 
human beings. We are thus able to study 
the phenomenon of fibrinolysis in human sub- 
jects more extensively and can acquire in- 
formation useful in achieving the ultimate 
goal of safely bringing about the dissolution 
of intravascular clots. 


SUMMARY 

The mechanism of pyrogen-induced fibrin- 
olysis has been studied in 67 individuals. Two- 
tenths of a microgram of protein-free pyro- 
genic lipopolysaccharides from Salmonella 
abortus equi or 300 ug. from Escherichia 
coli. (acetylated form) induces in 60 to 90 
minutes after intravenous injection a very 
marked fibrinolysis lasting for 60 to 240 min- 
utes in man. Clots of samples taken at peak 
activity (105 minutes) dissolve in less than 3 
hours. There is freywently a reduction of 
antifibrinolysin activity during the fibrinolytic 
phase. Concomitant treatment with antipyret- 
ics does not diminish the fibrinolytic response. 
The spontaneous lysis time of euglobulins is 
prolonged after fibrinolytic activity has sub- 
sided. At this time more urofibrinolysokinase 
is required to induce lysis in the test tube. Eu- 
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globulin clots prepared from fibrinolytic sam- 
ples undergo fibrinogenolysis. Repeated daily 
injections gradually became less effective in 
producing fibrinolysis. Induced fibrinolysis in 
patients with thrombophlebitis gave encourag- 
ing results. 


SUMMARIO IN INTERLINGUA 


Le mechanismo del induction de fibrinolyse 
per injectiones de pyrogeno esseva studiate 
in 67 individuos. Duo decimos de un micro- 
gramma de aproteinic lipopolysaccharidos py- 
rogenic ab Salmonella abortus equi o 300 yg. 
ab Escherichia coli (forma acetylate) induce, 
intra 60 a 90 minutas post lor injection intra- 
venose in humanos, multo marcate grados de 
fibrinolyse que dura inter 60 e 240 minutas. 
Coagulos de specimens obtenite al tempore 
del activate maximal (i.e. post 105 minutas) 
se dissolve in minus que 3 horas. Il oceurre 
frequentemente un reduction del activate an- 
tifibrinolysinie durante le phase fibrinolytic. 
Tractamento concomitante con antipyreticos 
non reduce le responsa fibrinolytic. Le tem- 
pore del lyse spontanee de euglobulina es 
prolongate post que le activate fibrinolytic ha 
subsidite. A iste tempore, plus urofibrinoly- 
sokinase es requirite pro inducer lyse in 
vitro. Coagulos euglobulinic preparate ab 
specimens fibrinolytic experientia fibrinogeno- 
lyse. Repetite injectiones diurne deveniva 
gradualmente minus efficace in le production 
de fibrinolyse. Ie induction de fibrinolyse in 
patientes con thrombophlebitis produceva re- 
sultatos incoragiante. 
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Inaccuracy of Wedge Pressure as an Index of 
Pulmonary Capillary Pressure 


By Jerome P. Murpuy, M.D. 


The wedge and left atrial pressures were compared in 12 subjects with congenital and ae- 
quired heart disease; all experiments were carried out with closed chest under basal condi- 
tions. A poor correlation between the wedge and left atrial pressures was noted in over 
half the patients. The wedge pressure is especially inaccurate in mitral stenosis with marked 


elevations in left atrial pressure. 


N 1906 MacCullum and his associates ob- 

served in dogs that pressure changes in 
the pulmonary venous system and the left 
atrium were transmitted to the pulmonary 
capillary bed and the end arteries of the lung. 
Subsequent investigators confirmed these find- 
ings and further demonstrated that the pul- 
monary venous and arterial capillary pres- 
sures were the same.'* Direct measurements 
of the venous and arterial sides of the capil- 
lary bed in subjects with atrial septal defects 
showed that changes in venous pressure were 
qauntitatively transmitted to the end arteries.* 
These results strongly supported the concept 
that the pulmonary capillary bed offered lit- 
tle or no resistance to the retrograde trans- 
mission of the pulmonary venous pressure to 
the pulmonary end arteries.4.> Further in- 
vestigations showed the pulmonary capillary 
pressure to be slightly higher but otherwise 
identical to the left atrial pressure. With 
the advent and widespread use of right heart 
catheterization a technic was evolved for 
measuring the pulmonary capillary pressure 
by means of the ‘‘wedge’’ method. This tech- 
nie entails manipulating the cardiac catheter 
into a small pulmonary end artery so that all 
transmitted right ventricular pressures are 
damped completely. Whatever pressure is 
then recorded represents the pulmonary capil- 
lary pressure and transmitted pulsations 
from the left heart. A basic criterion for in- 
suring a complete wedge is the sampling of 


From the Department of Surgery and the Cardio- 
pulmonary Laboratory of The Creighton University 
School of Medicine, Omaha, Nebr. 


fully oxygenated blood when the catheter is 
in place. 
Although 
have been raised to considering the wedge 
pressure and the 


certain theoretical objections 
pulmonary — eapillary 
pressures to be identical, there has _ been 
rather widespread acceptance of the basic 
concept that the wedge pressure is an ac- 
curate index of the pulmonary capillary pres- 
sure and hence of the pulmonary venous and 
left atrial pressures. Numerous studies re- 
quiring knowledge of the pulmonary eapillary 
pressure as a factor have been earried out 
with the wedge pressure substituted for the 
pulmonary capillary pressure. The _ best 
known example of this is the hydraulic for- 
mula of Gorlin for caleulating the mitral 
valve area. In its clinical application this 
formula utilizes accepted principles of hy- 
draulics for the caleulation of orifice size. 
When applied to the mitral area, the left 
atrial pressure is estimated by substituting 
the indirect wedge pressure. 


Gorlin’s formula 


MVF 
MVA = a 
31 \/ “PC” —5 
MV A = represents mitral valve area in em." 
MVF = represents mitral valve flow in ml. per 
second or 


cardiac output in ml. per seeond 


diastolie filling period in seconds/min. 
“PC” = pulmonary eapillary pressure in mm. 
Hg (obtained by “wedge”) 
left ventricular diastolie pressure in mm. 
Ig, assumed 
31 = C \/ 2g = 07 \/ 1960 


Circulation, Volume XVII, February 1958 





200 


Recently catheterization of the left heart 
has evolved as a direct means of measuring 
the hemodynamie events in the chambers of 
the left heart. This technic provides a simple 
method for assaying the nature of the ana- 
tomie abnormalities of the diseased mitral 
and aortic valves. It also permits comparison 
of data obtained from catheterization of both 
sides of the heart and especially for the ecom- 
parison of the wedge and left atrial pres- 
sures, 

Connolly, Kirklin, and Wood‘ obtained 
simultaneous wedge and left atrial pressures 
during mitral valvotomy in 5 patients. Al- 
though they noted a close correlation be- 
tween the left atrial and wedge pressures, it 
is generally accepted that data obtained with 
the open chest and positive pressure anes- 
thesia are often inaccurate and not repro- 
ducible. In 1953 Bjérk* published the findings 
from the first group of patients studied by si- 
multaneous catheterization of both the right 
and left hearts. Of the 9 patients studied 7 
had complete data for comparison, including 
wedge and left atrial pressures. In 5 of these 
patients a close correlation between the 
wedge and left atrial pressures was noted. 
However, in 2 patients a significant differ- 
ence between the wedge and left atrial pres- 
sure was seen. Similar disparities have been 
noted by other investigators.® ® In a consid- 
eration of the relationships between the 
wedge and left atrial pressures, it would seem 
that any observed differences between these 
pressures cannot be regarded as representing 
real differences between the pulmonary capil- 
lary and left atrial pressures, particularly if 
the latter pressure is higher; in this event 
there could be no flow from right to left. The 
mean left atrial pressures must be lower than 
the pulmonary capillary pressure if unidirec- 
tional pulmonary flow is to occur. It follows, 
therefore, that any observed difference be- 
tween the wedge and left atrial pressures rep- 
resents a basic fault in measuring the left 
atrial pressure, or the wedge pressure is not a 
quantitative reflection of the pulmonary capil- 
lary pressure. 


MURPHY 


In an effort to resolve this problem a study 
was undertaken to compare the wedge and left 
atrial pressures in a group of patients from 
whom the necessary data has been obtained. 
Accordingly, the findings in a group of 32 
patients subjected to left heart catheterization 
were reviewed. Twelve of these patients had 
complete right heart studies including authen- 
tic wedge pressures. Two of this latter group 
had examinations before and after mitral 
valvotomy, giving a total of 14 sets of data. 


Metuops 


All the patients were adults. The indication for 
catheterization in 3 of these was interatrial septal 
defect, while the remaining 11 eases had mitral or 
aortic disease. All studies were carried out under 
basal conditions with local anesthesia. The left 
heart studies were patterned after-the method of 
Bjork, with direct needle puncture of the left heart 
from the right paravertebral approach with a 15- 
cm. no.-17 needle. The ventricular pressures were 
obtained by direct puncture of this chamber rather 
than by passing a catheter from a needle in the 
left atrium. The pulmonary artery pressures were 
also obtained by direct needle puncture. The right 
heart catheterizations were done by a_ standard 
technic with the patient in the supine position. The 
zero setting for the pressure head during the left 
heart studies was the left atrium as marked on 
the chest wall at fluoroscopy. In the right heart 
studies the zero setting was 10 em. from the table. 
All pressures were recorded by strain gage pick-up 
with photographic oscilloscopic recording. The 
wedge pressure was considered present at that 
point in the pulmonary arterial tree beyond which 
a no. 4 catheter would not pass but permitted 
sampling of fully oxygenated blood. The mean 
values were obtained by electric integration of the 
oscillographie tracings. 


Davovry sce 
RESULTS 


In the 14 sets of data obtained from 12 pa- 
tients (table 1), 4 patients had no valvular 
disease, and the left atrial pressures in this 
group were normal or slightly elevated. In 
the remaining 8 cases with mitral or aortic 


valvular lesions, the left atrial pressure was 
elevated in all but 1. The mean and average 
values were compared; the latter values were 
found to be slightly lower. In the entire group 
a close correlation existed between the wedge 





WEDGE PRESSURE AND PULMONARY CAPILLARY PRESSURE 


Patients 


TABLE 1.—Data from Twelve Patients Having Fourteen Combined Heart Catheterizations 


Pulmonary 
artery 
(mm. Hg) 


35/15 
20/10 
40/20 
32/10 
18/15 
65/40 
58/35 
/48 
8/35 
32 


35 


Left ventricle 
(mm. Hg) 


110/5 
118/9 
90/0 
135/3 
140/6 
128/2 
100/0 
98/5 
92/9 
105/8 
90/0 


Left atrium 
CV wave/ 
Diastole 
(mm. Hg) 


9/4 

8/3 
10/2 
22/18 
15/9 
45/2 
42/9 
55/45 
32/26 
28/22 
45/38 


Pulmonary 
capillary 
pressure 
(mm. Hg) 


13/6 
11/5 
12/4 
23/21 
15/9 
28/12 
21/6 
22/20 
20/14 
19/9 
22/16 


Diagnosis 


Interatrium septal defect 
Interatrium septal defect 
Interatrium septal defect 

Mitral stenosis 

Mitral stenosis 

Mitral insuff.ciency 

Mitral insuff ciency 

Mitral stenosis (pulmonary edema) 
Mitral stenosis 

Mitral stenosis 


33 1200/5 | 12/6 
/38 105/5 | 30 
34 130/0 8/: 


je 











25 
5 


Mitral stenosis (pulmonary edema) 
16/12 Case 11, postoperative 

16/8 Mitral stenosis 

10/6 Case 13, postoperative 








Cases 1 to 5 have little or no wedge/left atrium difference. In this group there is only 1 case where the 
left atrial pressure was significantly elevated (over 15). 

Cases 6 and 7 represent severe mitral regurgitation. The wedge pressure curve shows CV waves 21 and 
17 mm. less than the CV waves in the left atrial pressure. 

Cases 11 and 13 are preoperative and postoperative studies that show marked wedge/left atrial 
pressure differences preoperatively when the left atrial pressure was high but no difference or reversal of 
the ratio when the left atrial pressure drops to low ranges postoperatively. 

Cases 8, 9, 10, and 11 are all ‘“‘tight’’ mitrals with high left atrial pressures. In each case there is a 
significant wedge /left atrial pressure difference (9 to 33 mm.). 

Cases 8 and 11 had clinical pulmonary edema with left atrial pressures compatible with this finding 
(over 35 mm. Hg) while the wedge was below 25 mm. Hg. (It is assumed that the colloid osmotic pressure 
component of the pulmonary capillary pressure averages 25 mm. Hg. Pulmonary edema should occur 
when the hydostatic pressure exceeds 25 to 35 mm. Hg.). 


and the left atrial pressure in 6 cases while 
a significant difference was noted in 8. The 
croup with a difference between 
wedge and left atrial pressures included all 
cases in which the left atrial pressure was 
markedly elevated (over 20 mm. Hg). Fur- 
thermore the greatest differences occurred 
in those patients with the highest left atrial 
pressures. Of special note in this regard was 


marked 


case 11 in which the preoperative atrial pres- 
sure difference was 21 mm. Hg. Postopera- 
tively a reversal of the ratio was seen. The 
other cases with studies before and after sur- 
gery showed a similar though less marked 
reversal. In the 2 cases of severe mitral in- 
sufficiency, the mean left atrial pressure ex- 
ceeded the wedge pressure by 14 mm. Hg 
and 12 mm. Hg and the wedge tracing failed 
to show the height of the giant CV waves 
by 17 mm. Hg and 21 mm. He. In the pa- 
tients with interatrial septal defects, the 


pressure differences were slight and were due 
to slight increase in the wedge pressure. In 
cases 8 and 11, with clinical pulmonary ede- 
ma, the left atrial pressure was in the range 
compatible with this clinical finding (in ex- 
cess of 35 mm. Hg) while the wedge pressure 
was well below edema levels. 


DISCUSSION 


This study was undertaken to evaluate the 
wedge pressure as an index of the pulmonary 
capillary pressure. To this end the data from 
a group of 12 patients having 14 combined 
heart studies were analyzed. In approxi- 
mately 50 per cent of the cases a significant 
difference between the wedge pressure and 
the left atrial pressure was noted. Since the 
left atrial pressure and the pulmonary eapil- 
lary pressure are virtually identical, any in- 
direct method for measuring this latter pres- 
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sure should give values similar to the more 
direct left atrial pressure. Failing this, one 
must assume that the wedge pressure is not 
an accurate quantitative index of the capil- 
lary pressure. The possibility that the left 
atrial pressures as obtained in this study were 
inaccurate was obviated by the use of the 
end-diastolic pressure in the ventricle as the 
0 to 5 baseline. The most striking deficit in 
the wedge tracings was seen in those cases 
of mitral insufficiency in which the wedge 
contours mirrored the left atrial waves but 
failed to quantitate these wave values by sig- 
nificant margins. In patients studied while 
in pulmonary edema, it was noted that the 
left atrial values were in excess of the edema 
levels, while the wedge values were far below 
this line. 

It is not the purpose of this study to ex- 
plain or speculate on the inaccuracy of the 
wedge pressure but rather to demonstrate 
that such inaccuracy is present. Therefore it 
would seem logical to abandon an indirect 
technic subject to such a significant error in 
favor of the more exact method of left heart 
catheterization. The analysis of timed pres- 
sure curves from the left atrium allows for 
ready definition of the nature and domina- 
tion of the valvular lesions present and 
provides accurate values for use in the hy- 
drokinetie orifice formulas and other basic 
technics for evaluation of pressure flow sys- 
tems. 


SUMMARY 


A comparison of the wedge and left atrial 
pressures was carried out in a group of 12 
patients with congenital and acquired heart 
disease. In 5 patients the left atrial pres- 
sures were not elevated and the wedge 
pressures showed similar contours and cor- 
responding values. In 7 patients with elevated 
left atrial pressures the wedge pressures did 
not reflect these elevations with quantitative 
differences ranging from 9 to 33 mm. Hg. 
Two patients with clinical pulmonary edema 
and mean left atrial pressures of 50 and 41 
had mean wedge pressures of 20 and 16. 






MURPHY 


In this study the wedge pressures paral- 
leled the left atrial pressures when the lat- 
ter were within normal ranges. The wedge 
pressures failed to reflect the left atrial pres- 
sures by significant values when the left 
atrial pressures were elevated. 


SUMMARIO IN INTERLINGUA 


Un comparation del pression a cuneo e del 
pression sinistro-atrial esseva effectuate in un 
gruppo de 12 patientes con congenite e ac- 
quirite morbo cardiac. In 5 patientes le pres- 
sion sinistro-atrial non esseva elevate, e le 
pression a cuneo monstrava simile contornos 
e correspondente valores. In 7 patientes con 
elevate pression sinistro-atrial, le pression a 
cuneo non reflecteva iste elevationes. Le dif- 
ferentias quantitative variava inter 9 e 33 
mm. Hg. Duo patientes con clinic edema 
pulmonar e valores medie del pression sin- 
istro-atrial de 50 e 41 habeva valores medie 
del pression a cuneo de 20 e 16. 

In iste studio le pressiones a cuneo corre- 
spondeva al pressiones sinistro-atrial in tanto 
que istos se trovava intra le limites normal. Le 
pressiones a cuneo non reflecteva le pressiones 
sinistro-atrial e differeva ab illos significative- 
mente quando le pressiones  sinistro - atrial 
esseva elevate. 
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One hundred consecutive patients with atrial septal defect (ASD) are presented with 

a review of the clinical features and complications. The anatomy of 3 types is described : 
atrioventricular (A-V) defects, fossa ovalis defects, superior caval defects. These may 
be present in combination. The now well-recognized clinical signs of ASD are reviewed— 
right ventricular type of cardiac impulse, systolic lift over the outflow tract of the right 
ventricle, pulmonary systolic thrill (20 per cent), pulmonary systolic murmur loudest 
in midsystole, an obviously split second sound. A diastolic murmur may be present 
(20 per cent). A short delayed tricuspid murmur is often heard (50 per cent). The 
A-V type may be suspected with (1) unusual cardiac enlargement in childhood, (2) 
physical underdevelopment, (3) pulmonary hypertension below the age of 20, (4) pan- 
systolic murmur of mitral incompetence, (5) left ventricular hypertrophy in the 
electrocardiogram, (5) left-to-right shunt at the atrial and ventricular levels, (7) bacterial 
endocarditis, (8) complete heart block. Superior caval defects may show a localized 
dilatation of the superior vena cava. Catheterization shows arterialized blood in the 
superior vena cava. The complications of ASD are obstructive pulmonary hypertension 
(15 patients, 7 with reversed shunts), pulmonary stenosis (11), mitral stenosis (6), atrial 
fibrillation (10), anomalous pulmonary veins (10). Cardiae symptoms were mild to the 
age of 20, but a grossly enlarged heart was found in 20 per cent of the cases aged 20 to 
40 years and 60 per cent of those over 40. Consequently, the authors believe that the 
proper time to close an uncomplicated fossa ovalis defect with a shunt of 2:1 or more 
is as soon as the diagnosis is established and preferably before the age of 20. Thirty 
of the. 100 patients with ASD were rejected for surgery for 1 of the following reasons: 
(1) A-V defect, (2) reversed shunt with cyanosis (3) obstructive pulmonary hyper- 
tension, (4) systemic hypertension, (5) advanced age and poor condition. Closure of 
an ASD by open heart surgery under hypothermia was completed in 40 patients. There 
was only 1 fatality, following a second operation undertaken to resuture the defect. In 
another patient, an unsatisfactory result was due to deflection of the inferior vena cava 
into the left atrium. Among the remaining patients, the immediate results were satis- 
factory. 
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Severe Hemoptysis During Pregnancy Treated 


by Mitral Commissurotomy 


By WiuuiaMm F. M. Fuuton, M.B., CH.B., M.R.C.P., anp 


GEORGE SmitrH, M.B.E., 


M.D., 


F.R.F.P.S.G., F.R.C.S.Ep. 


Pulmonary bleeding in mitral stenosis is not commonly regarded as an indication for opera- 


tion. 


cussed. 


ee: apoplexy is a common 
symptom in mitral stenosis. According 
to Wood! such hemorrhages tend to be self- 
limiting and are never fatal. In his experi- 
ence they are not in themselves an indication 
for mitral commissurotomy. Moreover, during 
pregnancy, operation is not often warranted 
and most of the reported cases were sub- 
mitted to operation because of pulmonary 
edema. 
Case Report 
The patient was a 19-year-old married woman of 
average build and nutrition. Five years previously 
she had left-sided chest pain and breathlessness on 
exertion. There was no history of acute rheuma- 
Clinically, presystolic and middiastolie mur- 
murs at the mitral area supported a diagnosis 
of mitral stenosis. 


tism. 


In addition there was a systolic 
murmur at the aortic area and a short diastolic 
h-nit at the left sternal border. 

Breathlessness on exertion persisted with little 
change in severity during the ensuing 5 years. 
From her history, exercise tolerance was grade 2. 
Hemoptysis became a recurrent symptom some 3 
years before the present illness. It was never 
severe and apart from these episodes she had 
neither cough nor sputum. Two years before ad- 
mitral had been con- 
sidered elsewhere but was withheld, largely because 
of insufficient disability. The cardiac shadow at 
that time showed a mitral configuration (fig. 1). 

Six days before admission on May 3, 1956, she 
started to cough up blood while walking but not 
exerting herself unduly. She thought that about 
1 pint in all was lost. During the next few days 
4 further hemoptyses of lesser severity took place. 

On admission the patient was weak, pale, cya- 
nosed, and dyspneic. She was about 4 months 
pregnant. The pulse was of small volume and 
regular at 120 per minute. The blood pressure 
was 95/55 mm. Hg. There was no peripheral 


mission, commissurotomy 
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A case is reported in which mitral commissurotomy was performed during pregnancy 
primarily because of recurrent profuse hemoptysis. 


Some relevant points are briefly dis- 


venous engorgement, no edema, and no palpable 
hepatic enlargement. The respiratory rate was 36 
per minute. Rhonchi were present over both lungs 
but no fine crepitations were heard. A portable 
radiograph (fig. 2) showed increased vascularity 
of the left lung and collapse of most of the right 
lung. Much of her dyspnea was thought to be 
due to the pulmonary collapse. 

As a result of the mediastinal shift a distinet 
cardiac impulse could be felt 8 em. to the right of 
the midline. Nevertheless the predominantly right 
ventricular quality of the precordial systolie im- 
pulse could be appreciated. The apex beat was in 
the fifth left interspace, 8 em. from the midsternal 
line. At the mitral area the first sound was loud, 
raised in pitch, and was preceded by a presystolic 
murmur. <A well-marked opening snap was fol- 
lowed by a long diastolie murmur. There was a 
systolic thrill and murmur at the aortie area and 
a short early diastolic murmur down the left sternal 
border. It was considered that stenosis of the 
mitral valve was the main lesion and the cause of 
the hemoptysis. The electrocardiogram showed P 
waves consistent with this diagnosis and there was 
no evidence of right or left ventricular hyper- 
trophy. 

During the next 2 days the hemoglobin level fell 
from 11.2 to 9.1 Gm. per cent. Recurrent bleedin 
over a further 3 days brought the level down to 
7.0 Gm. per cent. By this time the patient was 
exceedingly ill although the blood pressure was 
90/55 mm. He. During the next 24 hours 1080 
ml. of citrated blood were given slowly, raising the 
hemoglobin level to 8 Gm. per cent. Massive 
hemoptvsis. however, recurred on the following 
day with a loss of 1200 ml. of bright red blood in 
the course of a few hours. Her condition was 
again critical. Although restoration of blood 
volume and hemoglobin was needed, the awareness 
of the role of congestion of the pulmonary circuit 
in producing further bleeding and pulmonary 
edema indicated extreme caution in further blood 
transfusion. Over the next 8 days slight hemopty- 
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SEVERE HEMOPTYSIS DURING PREGNANCY 


March 22, 1954. Two years before admission. 


May 4, 1956. On admission. 


Collapse of right lung. 


June 5, 1956. Shortly before operation. 


March 29, 1957. Five months after delivery and 9 months after operation. 


sis continued while she received the packed cells 
from 1620 ml. of blood. At the end of this period 
she was still critically ill and 2 further hemoptyses 
of about 300 ml. each took place. 

At this point, conservative policy was abandoned. 
There seemed little likelihood that bleeding would 
cease and there were still more than 4 months of 
pregnancy to run. It was decided to perform 
mitral commissurotomy when her condition should 
have improved sufficiently to permit operation. By 
this time the collapsed right lung had expanded 
fully (fig. 3). Over the next 11 days the packed 


cells from 2160 ml. of blood were transfused, eaus- 
ing the hemoglobin level to rise to 12 Gm. per cent. 
The general condition improved, pulse rate fell to 
100 per minute, but the blood pressure did not 
rise above 90/60 mm. Hg. At the end of this time 
a further hemoptysis of about 300 ml. oceurred and 
as soon as bleeding ceased, operation was earried 
out. 

The patient had also received continuous medi- 
sation with phenobarbital and penicillin. With 
the exception of a few days, morphine sulfate, 10: 
mg., was given every 8 hours. Mersalyl, 1 ml, 
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was given thrice weekly, in the interval between 
the second and third major bouts of bleeding. Al- 
though attended by moderate increases in the 
urinary output, the drug did not prevent the third 
and fourth episodes of hemoptysis. There was no 
evidence of abnormal breakdown of transfused 
blood cells. 

At operation the pulmonary artery was large 
and tense, measuring + em. in diameter. The mean 
pulmonary artery pressure was estimated at 65 
mm. Hg. The left atrium was also enlarged and 
tense and the pressure therein was in excess of 35 
mm. Hg. The mitral diaphragm was elastie and 
the stenosis extreme, measuring 0.5 em. in its 
greater diameter. Both commissures were split by 
finger and knife to the atrioventricular ring. The 
final opening was 3 em. across; no incompetence 
resulted. There was a systolic thrill over the base 
of the aorta but this was slight and not thought 
to indicate functionally important aortie valvular 
disease. The left atvial pressure fell to a normal 
level while that in the main pulmonary artery 
reached approximately 35 mm. Hg. 

Postoperative progress was uneventful. There 


was no further hemoptysis apart from some dark ° 


red staining of the sputum on the first»day. Im- 
mediately after the operation, the blood pressure 
was 120/55 mm. Hg. and the diastolic pressure 
rose progressively to 65 to 70 mm. Hg... The pa- 
tient was kept in the hospital for 514 weeks after 
operation. Antenatal care was also uneventful. 
She was admitted for 2 weeks of bed rest in the 
eighth month and again some 2 weeks before the 
expected time of delivery. At full term she was 
delivered of a healthy infant weighing 6 lb. 15 oz. 
Labor was normal, the first stage lasted 12 hours 
45 minutes and the second stage 25 minutes. 

Following delivery the patient’s condition was 
excellent and she was allowed home after 9 days. 
When seen 5 months later she was well, without 
cardiae disability and there had been no further 
hemoptysis. The lung fields remained clear (fig. 
4). 

Histologie examination of the tip of the lingula 
of the left lung indicated that the pulmonary ar- 
terioles showed minimal intimal thickening with 
some reduplication of the internal elastic lamina 
and medial hypertrophy with moderate sclerotic 
changes; the lumen-to-wall ratio was 2.9/1. Mod- 
erate pericapillary fibrosis existed while the pulmo- 
nary veins were the site of muscular hypertrophy. 


DiIscUSSION 
Hemoptysis in mitral stenosis is often a 
feature of the earlier phases of the clinical 
course, at a time when breathlessness on 
exertion may not be great and when dyspnea 
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at rest and congestive cardiac failure are 
absent. Such was the situation in this case. 
Some hold the view that this form of pul- 
monary bleeding is venous, coming from the 
bronchial veins or pulmonary-bronchial ve- 
nous anastomoses.” The frankly red blood in 
this case was in keeping with hemorrhage 
from the venous side of the pulmonary cir- 
culation. According to Wood,! sudden pro- 
fuse hemoptysis in mitral stenosis is due to 
sudden rise in pulmonary venous pressure 


and may be regarded as ‘‘a safety valve, and 
is inevitably self-limiting, ceasing when the 
pulmonary venous pressure has fallen suffi- 
ciently.’’ In his experience pulmonary apo- 


plexy in mitral stenosis is not a serious 
symptom and has never proved fatal. Thomp- 
son and Stewart* found that the amount of 
blood coughed up had no prognostic sig- 
nificance, and this form of pulmonary hemor- 
rhage was never a serious threat to life. With 
particular reference to their experience of 
mitral stenosis in pregnancy, Marquis* and 
Muleahy® have not had to recommend opera- 
tive intervention because of hemoptysis. 

It was in recognition of the good immedi- 
ate prognosis in such hemoptysis that the 
initial conservative management of this case 
was instituted and continued. The time came, 
however, when continuance of this regime 
seemed to carry a greater risk to life than 
surgical intervention. The gratifying out- 
come of this single case obviously does not 
prove the correctness of the decision made 
when considered out of context. On the 
other hand it was expected that as soon as 
the obstruction at the mitral valve had been 
relieved, the tendency to hemoptysis would 
diminish or disappear. 

Several factors may have contributed to 
the severity of the bleeding. The main ones 
appear to have been pregnancy and the col- 
lapse of the right lung. While hemoptysis 
had occurred during the previous 3 years, it 
had never reached the frequency and pro- 
fusion attained during the fourth and fifth 
months of pregnancy. At this time it is well 
known that increased blood volume and ear- 
diac output are becoming established. These 
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n turn will tend to cause a rise in pressure 
n the pulmonary circulation in the presence 
f mitral stenosis. 

Collapse of the right lung presumably re- 
sulted from aspiration of blood into the 
wonchial tree. It is likely that the source of 
he first hemorrhage was also on the right side. 
It is not known whether subsequent bleeding 
‘ame from the same or from the opposite 
side or from both. It would seem possible, 
however, that the severity of the bleeding 
may in some way have been aggravated by 
the collapse of the lung, since the more mas- 
sive hemorrhages occurred during this period 
and were less severe when the right lung had 
regained aeration and function. During the 
period of collapse blood would have been di- 
verted away from the airless lung to augment 
the flow to the left lung bed, thereby increas- 
ing the pressure in the left pulmonary cireu- 
lation. Again, within the collapsed lung itself, 
altered pressure relations, particularly be- 
tween the air passages and the pulmonary 
veins may have contributed to the unusual 
severity of the hemorrhages. 

Later in pregnancy deficiency of fibrinogen 
might conceivably be an aggravating cause of 
such pulmonary bleeding. In the present case 
there was no abnormality of blood clotting. 


SUMMARY 
A ease is presented in which mitral commis- 
surotomy was performed in the fifth month 
of pregnancy because of recurrent profuse 


d 


hemoptysis. After relief of tight mitral 
stenosis, hemoptysis ceased. Pregnancy con- 
tinued to term without complication and a 
normal healthy child was delivered. 

Some points relevant to hemoptysis in mi- 
tral stenosis complicating pregnancy are dis- 
cussed. 
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SUMMARIO IN INTERLINGUA 

Es presentate un caso in que commissuro- 
tomia mitral esseva executate in le quinte 
mense de pregnantia a causa de recurrente e 
profuse hemoptysis. Post le alleviamento del 
stricte stenosis mitral, le hemoptysis cessava. 
Le pregnantia continuava sin complication, e 
un infante normal nasceva a termino. 

Es discutite certe aspectos de hemoptysis in 
stenosis mitral como complication de pregnan- 
tias. 
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Interrelationship of Drugs Influencing 
Arterial Pressure in Man 


By Wauter Reptiscu, M.D., Francisco F. Taneco, M.D., Artuur J. Lewis, M.D., 
Marta Aurora Antonio, M.D., Kurt DeCrinis, M.D., and J. Murray STEELE, M.D. 


With the technical assistance of Dorothy Andrews and Stephen Menkes 


Comparison of hemodynamic changes (cardiae output, renal plasma flow, and extremity blood 
flow) observed during reserpine-induced hypotension with those occurring during pentolinium- 
induced hypotension suggests better adaptation following reserpine. This difference is believed 


to be related to the gradation of onset of hypotension. 


It was found that reserpine-induced 


hypotension is potentiated by norepinephrine, and pentolinium-induced hypotension by sero- 


tonin. Pretreatment with the hypotensive agent 


increased the pressor response to norepi- 


nephrine and serotonin respectively, if the pressor substance was administered before the onset 


of hypotension. 


HE mechanism of action of pressor and 

depressor substances and their interre- 
lationship have been of considerable interest 
to all workers concerned with the study of 
hypertensive disease. In this paper some 
studies are reported concerning relationships 
between reserpine (Serpasil), pentolinium 
(Ansolysen), norepinephrine, and serotonin. 
First, responses to 2 different hypotensive 
agents, namely pentolinium tartrate (An- 
solysen) and reserpine (Serpasil) were com- 
pared with each other and correlated with 
the elinieal behavior of the subjects in whom 
hypotension was induced. Then pressure re- 
sponses to serotonin were studied. Finally, 
the behavior of pressure responses to norepi- 
nephrine and serotonin were ascertained 
after pretreatment with each of the 2 hypo- 
tensive agents, pentolinium and_ reserpine, 
before and after the hypotensive effect had 
become manifest. 


METHODS AND MATERIAL 


The response of hypertensive and normotensive 
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subjects was studied in 74 experiments. Physio- 
logic measurements of peripheral vascular beds 
were done by venous occlusion plethysmography, 
by means of apparatus previously described.’ 
Plasma flow through a visceral (renal) vaseular 
bed was measured with the para-aminohippurate 
infusion method. Cardiae output was estimated 
from an arterial dilution curve after rapid injee- 
tion of Na* by the method described by Powers,* 
with minor modifications. Whenever these meas- 
urements were carried out, the subject was tested 
under basal conditions in a constant temperature 
room at 20 C. and 55 per cent humidity, as de- 
seribed previously... Whenever only the responses 
of arterial pressure, heart rate, and clinical be- 
havior were ascertained, the experiments were 
performed under ward conditions. Three drugs 
were given in single intravenous doses: reserpine 
(Serpasil) 3 mg., pentolinium (Ansolysen) 3.5 
mg., serotonin 2.5 mg. Norepinephrine was used 
in a solution of 4 mg. in 1000 ml. of 5 per cent 
glucose in water at an infusion rate of 20 drops 
per minute. 


RESULTS 

Single intravenous injections of 3.0 mg. of 
reserpine were given to 17 patients with es- 
sential hypertension in 38 experiments. In 36 
of these, there was a marked drop in both 
systolic and diastolic pressures. The drop 
took place in a characteristic gradual fash- 
ion, reaching a maximum after 114 to 5 hours. 
The total duration of pressure response was 
from several hours to 5 days. 

3y contrast, after intravenous injection of 
a ganglionic-blocking agent, in this case 3.5 
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Fic. 1. Changes in arterial pressure, pulse rate, 
eardiae output, renal plasma flow, blood flow to the 
lower extremity, and surface temperature of the great 
toe following intravenous administration, of reserpine. 


mg. of pentolinium (11 experiments), there 
was an immediate drop in both systolic and 
diastolic pressures with return of diastolic 
pressure to pre-experimental levels within 
14 to 3 hours, while the return of systolic 
pressure required several hours. 

The hypotensive response to reserpine was 
regularly associated with an early short-last- 
ing inerease in blood flow to the lower ex- 
tremities, an equally brief but delayed in- 
crease in renal plasma flow, and no measur- 
able change in cardiac output. The pulse 
rate remained unchanged or was slightly in- 
creased (fig. 1). In contrast is the hypoten- 
sion following ganglionic blocking, which is 
associated with diminished eardiae output, a 
marked increase in blood flow to the extrem- 
ities, and marked decrease in renal plasma 
flow. The known side effects associated with 
the precipitous fall in arterial pressure after 
administration of ganglionic-blocking agents 
are noticeably absent after reserpine. There 
was no postural hypotension or other clinical 
side effects, except mild flushing. Infusion 
of norepinephrine restored promptly the lev- 
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els of both systolic and diastolic arterial 
pressure lowered by reserpine. When norepi- 
nephrine was infused after the hypotensive 
action of reserpine had set in (9 experi- 
ments) there was immediate rise in pressure. 
When the infusion was discontinued, pres- 
sures returned to the former hypotensive lev- 
els produced by reserpine and then dropped 
to even lower levels that were maintained for 
many hours (fig. 2). 

Recently, attention has been focused on 
5-hydroxy-tryptamine, commonly ealled sero- 
tonin. This substance, as Brodie and his co- 
workers’ have shown, has a peculiar relation- 
ship to reserpine. It is stored predominantly 
in intestines, brain, and platelets and, when 
released into the blood stream, it is rapidly 
destroyed by amine oxidase. Reserpine causes 
depletion of serotonin depots that outlasts 
the presence of reserpine in the serum. This 
point is of particular interest, because the 
hypotensive effect of a single dose of reser- 
pine also outlasts the presence of the drug 
in the serum.® 

Serotonin. in doses of 2.5 mg., was ad- 
ministered intravenously in 14 experiments 
and was found regularly to increase both sys- 
tolic and diastolic pressures. The rise was im- 
mediate (within 2 to 10 minutes) followed by 
a short-lasting drop in both levels of pres- 
sure (fig. 3). There was no essential change 
in response to the injection of serotonin dur- 
ing the maximal hypotension induced by in- 
travenous injection of 3.0 mg. of reserpine 
in any of 7 experiments. When serotonin was 
injected 10 minutes after reserpine, however, 
before the onset of the hypotensive response, 
the blood pressure rose markedly, but the 
following hypotensive response to reserpine 
seemed unaltered. 

In contrast, when 2.5 mg. of serotonin 
were injected during pentolinium-induced 
hypotension, there was a short elevation fol- 
lowed by a marked and sustained drop in 
both systolic and diastolic pressures exceed- 


ing considerably the hypotensive effect of pen- 
tolinium alone in all of 7 experiments (fig. 4). 


When 2.5 mg. of serotonin were injected im- 


mediately following 3.5 mg. of pentolinium, 
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Fig. 2. Arterial pressure curve following the 
hypotension. 


there was a marked rise in arterial pressure 
followed by the expected hypotensive phase. 

Studies carried out in normotensive sub- 
jects showed essentially the same directional 
responses as in hypertensives, but of consider- 


ably lesser magnitude. 


Discussion 

During the hypotensive response to reser- 
pine the pressor effects of norepinephrine re- 
main unimpaired. The type of response in 
arterial pressure to intravenous administra- 
tion of reserpine is distinctly different from 
that following ganglionic blockers. The pau- 
city of changes in cardiac output and in blood 
flow through the visceral and peripheral beds 
studied, together with the absence of severe 


clinical side effects, suggests strongly that the 


slow decrease in arterial pressure following 
reserpine permits hemodynamic adaptation 
that may not be possible during the precip- 
itous fall of pressure in response to ganglionic- 
blocking agents. 
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infusion of norepinephrine during reserpine-induced 


Epinephrine and norepinephrine have no 
effect upon pressure in the presence of adren- 
olytic agents or when adrenergic blockade 
has been achieved. However, when arterial 
pressure has been lowered by a ganglionic- 
blocking agent, the ability of epinephrine 
and norepinephrine to elevate pressures re- 
mains unimpaired. The same proved true 
in reserpine-induced hypotension. However, 
after discontinuation of norepinephrine in- 
fusion, the arterial pressure dropped to even 
lowel levels than before. Even under these 
circumstances, the patients did not experi- 
ence any distressing side effects, although 
‘*weak.’’ 

There is some discrepancy in the reports 


they became sleepy and felt 


on effects of serotonin upon arterial pressure 
in man. It has been described by various 
workers as hypertensive (Spies and Stone, 
dose: 0.5 to 5.0 mg.) ;‘ hypotensive (Page 
and McCubbin, dose: 0.06 to 0.12 mg.) ;8 and 
biphasic (Page and MeCubbin, dose: 0.3 to 
1.8 mg.).° Erspamer,'® who summarized the 





DRUGS INFLUENCING ARTERIAL PRESSURE IN MAN 


BLOOD PRESSURE 
260 


240 
220 
200 
180 
160 


140 


120 


100 
80 { 
60 SEROTONIN 
25mg iv, 


00 
50 


TIME 
(HR . 


Fig. 3. Arterial pressure response to intravenous 
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administration of serotonin. 


findings, stated, ‘‘5-HT (serotonin) is neither 
a pure hypertensive nor a pure hypotensive 
agent. According to the dose, the route of 
administration, the anesthetic used, the neu- 
rogenic vascular tone, the general conditions 
of the cardiovascular apparatus and, above 
all, the animal species, 5-HT can elicit hypo- 
tensive, hypertensive and mixed responses.’’ 
This statement refers to animal experiments 
as well as to those in man. The biphasic re- 
sponses were described as a ‘‘fall, followed 
by a slight rise.’’ 

Hollander and Michelson! and Wilkins™ 
reported that 0.3 to 1.5 mg. usually caused a 
hypertensive effect, with or without ante- 
cedent decrease in pressure. This effect was 
not prevented by hexamethonium, phentola- 
mine (Regitine), atropine, and antihista- 
minie drugs. 

In our experience serotonin in single in- 
travenous doses of 2.5 mg. acts essentially as 
a pressor agent; usually this fast and fleet- 
ing action was followed by a slight but dis- 
tinet depressor effect. This observation seems 
the more surprising, since it has been pointed 


out™ that ‘‘the levels of blood pressure in 
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venous injection of serotonin during pentolinium-in- 
duced hypotension and after (emergeney) infusion of 
norepinephrine. 


carcinoid patients are not consistent with 
the concept that serotonin is a pressor sub- 
stance in man.’’ 

When serotonin was injected soon after 
reserpine, its pressor action seemed enhanced, 
but when it was given at maximal hypoten- 
sion, its effect was the same as without reser- 
pine. Pentolinium did not influence the pres- 
sor action of serotonin. 


Serotonin did not exert any influence on 
reserpine-induced hypotension. When _ sero- 


tonin was given immediately following pen- 
tolinium, it did not influence the hypotensive 
effect, but when given at maximal hypoten- 
sion, it markedly potentiated this phase. The 
observation is of interest that change in 
timing without change in dosage produces 
marked differences in the effects of depressor 
and pressor substances administered in se- 
quence. It suggests that one is dealing, not 
simply with pharmacologic potentiation, but 
rather with alterations in pressure-regu- 


lating mechanisms. 


SUMMARY 
Observations on the hemodynamic changes 
accompanying reserpine-induced hypotension 
are reported and compared with those asso- 
ciated with pentolinium-induced hypotension. 
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It is suggested that the gradual onset of hy- 
potension following reserpine permits hemo- 
dynamic adaptation. 

Norepinephrine, given at maximal reserpine- 
induced hypotension, and serotonin, given at 
maximal pentolinium - induced hypotension, 
appear to potentiate the hypotensive state 
markedly. When the pressor substances were 
given before the onset of hypotension, no 
such effect was observed, but there seemed to 


be an increased pressor response. 


SUMMARIO IN INTERLINGUA 

Observationes del alterationes hemodynam- 
ic in hypotension inducite per reserpina es 
reportate e comparate con observationes cor- 
respondente in hypotension inducite per 
pentolinium. Es formulate le these que le 
emergentia gradual del hypotension a reser- 
pina permitte un adaptation hemodynamic. 

I.e administration de norepinephrina in 
stato de hypotension maximal post reser- 
pina e de serotonina in stato de hypotension 
maximal post pentolinium es apparentemente 
capace a potentiar le hypotensivitate a grados 
considerabile. Quando le substantias pressori 
esseva administrate ante le declaration del 
stato hypotensive, nulle tal effecto esseva 
notate, sed il pareva occurrer un augmento 
del responsa pressori. 
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Left Atrial Electrokymography in Mitral Insufficiency 


in Man 


A Correlative Study by Angiocardiography and Left Heart Catheterization 


By Ricuarp D. Juper, M.D., Metvin M. Ficiey, M.D., aNnp Herpert E. Sioan, M.D. 


The relationship of the left atrial border movements to underlying pressure and volume 
changes was investigated in individual human subjects with proved mitral insufficiency. 
Based on these observations, criteria for the recognition of hemodynamieally significant 


mitral insufficiency have been revised. 


Special emphasis is placed on a rapid inward move- 
ment of the atrial wall during the period of early diastolic emptying. 


Application of these 


criteria to a group of patients with surgically proved valvular lesions suggests that they 
are more reliable than those previously described. 


HE development of the electrokymograph 
by Henny and co-workers! was followed 
shortly by its application to the study of left 
atrial border movements in mitral valve dis- 
ease.” Certain criteria were established on 
the basis of clinical correlations and theoreti- 
cal considerations for the recognition of mitral 
insufficiency. Subsequent study of normal 
subjects,? however, as well as correlations with 
surgical observations,t cast some doubt on the 
reliability of these criteria. As a result, the 
electrokymograph has been generally sup- 
planted by other diagnostic methods for the 
detection of mitral insufficiency. 

The complex origin of the reeords that 
represent movements of the left atrial border 
makes their interpretation difficult. Not only 
may they represent displacement, rotation, 
and volume change, but, due to the central 
position of the chamber, they may theoreti- 
cally be altered by superimposed variations 
of density of the pulmonary vasculature or 
aorta, depending upon the projection. No 
study to date has comprehensively investi- 
gated the basic relationship of these border 
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movements to underlying pressure and volume 
changes in individual human subjects. Fre- 
quent reference is made to the studies of 
Wiggers and Feil’ on acute, experimental 
mitral insufficiency in dogs, which correlated 
left atrial pressure and volume changes. 
Andersson® described similarities between left 
atrial pressure and electrokymographiec curves 
in 2 patients. Recently these curves have been 
studied in experimental mitral insufficiency 
in dogs in our laboratory.‘ The application 
of angiocardiography, 
and left heart catheterization to patients un- 
dergoing mitral valve surgery now allows a 
more accurate documentation of these inter- 
relationships in man. 

With these considerations in mind, we have 
undertaken a reappraisal of the electrokymo- 
graphic criteria for mitral insufficiency by 
correlating left atrial border movements with 
atrial volume variations as determined by 
angiocardiography, and with pressure. curves 
obtained by left atrial puncture. In the in- 
terest of completeness, the original electro- 
kymograms in experimental mitral insufficien- 
ey’ have been critically re-evaluated. On the 
basis of criteria established by these observa- 
tions, left atrial electrokymograms from a 
group of 44 patients who ultimately under- 
went mitral surgery were evaluated for evi- 
dence of mitral insufficiency. 


electrokymography, 
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Electrokymographie tracings were made with the 
patient sitting erect, with breathing suspended in 
midinspiration. Recordings were made in the 
frontal position over the left atrial appendage and, 
when possible, over the right border of the left 
atrium. Right and left anterior oblique and lateral 
projections were also used to record atrial move- 
ments, both directly and from the adjacent barium- 
filled esophagus. Most records were obtained with 
a Cambridge* electrokymograph coupled to a Cam- 
bridge Simplitrol string galvanometer, with a si- 
multaneous phonoeardiogram and carotid sphyg- 
mogram. More recently an Elemaf dual phototube 
electrokymograph system and Mingograff jet 
writer have been used with electrocardiographic 
timing. Film and paper speeds of 50 mm. per 
second were routinely employed. 

Angiocardiography was carried out by rapid, 
manual injection of 50 ml. of 70 per cent sodium 
acetrizoate (Urokont) in the antecubital vein, with 
the patient sitting in the posteroanterior, left 
posterior oblique, or left lateral projection, at a 
target film distance of 36 inches. Exposures of 
1/15 or 1/10 second were obtained at rates of 1.3 
or 2 per second, and registered on a simultaneous 
electrocardiogram. The patient was instructed to 
hold his breath in full inspiration during the an- 
ticipated period of left heart opacification. Films 
were selected where the left atrial border was 
sharply demareated in its entirety, and its outline 
was pencilled to facilitate measurement of the area 
(fig. 1). As a rule the atrial margins were quite 
sharp, except during atrial systole, despite the 
relatively long exposures. The atrial appendage, 
however, had to be excluded because of indistinct 
outline, and arbitrary straight lines were drawn 
across the base of the pulmonary veins. The aver- 
age of 2 measurements of the area obtained with 
a polar planimeter (seldom differing as much as 1 
em.”) was plotted against the exposure instant in 
the cardiac cycle. In this way a curve of the rela- 
tive cyclic variations of the left atrial area was 
obtained. In 2 patients curves were obtained in 
both frontal and lateral projection. Since these 
had almost identical shapes, it was assumed that 
a single area curve was representative of variations 
of relative atrial volume. Corrections for image 
magnification, necessarily different for each pa- 
tient, were not made, since our interest lay only in 
relative variations. 

Left atrial pressure records were obtained by 
transthoracic puncture with a thin-walled 18-gage 
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needle as described by Bjork and associates.” Pres- 
sures were recorded directly from the needle with 
a Statham pressure transducer. (P23G)* and a 
modified Grasst electroencephalographie direct 
writer. 

In evaluating the electrokymographiec tracings 
from candidates for valvulotomy, the eriteria de- 
veloped from the studies mentioned were applied 
without knowledge of name, clinical findings, or 
surgical findings. Patients were graded into 2 
categories: no insufficiency or insignificant insuffi- 
ciency, and predominant, clinically significant in- 
sufficiency. The latter diagnosis was decided on if 
typical patterns were clearly identified. 

Critique 

Most of the factors that are likely to cause elee- 
trokymographie records to be unsatisfactory or 
erroneously interpreted in mitral disease ean be 
recognized. They can be separated into the follow- 
ing categories : 

1. Failure to obtain representative tracings due 
to: inability of the patient to cooperate by sitting 
immobile and suspending respirations; pleural or 
pericardial effusions; obscure left atrial borders 
(usually due to massive cardiac enlargement) ; 
rapid or very irregular rhythm; and inaccurate 
position of the slit. 

2. Failure of the electrokymogram to reflect the 
underlying physiologie changes due to: a large left 
atrial clot; and giant atrial size or other factors 
(calcification, fibrosis) resulting in rigidity of the 
wall. 

3. Additional hemodynamic abnormalities that 
alter the pattern, such as aortic valve disease and 
congestive failure. 

4. Lack of quantitation of the pulse amplitude. 
Without a method of standardization, considerable 
distortion can be introduced via indiscriminate 
manipulation of the amplifier gain. If the ampli- 
tude of the deflections could be measured in ab- 
solute units, calculation of the slope of the various 
emptying curves could be expected to improve the 
reliability of the method. This problem is under 
consideration. 

In spite of these drawbacks, the electrokymogram 
has certain advantages. It is simple. It can be 
performed by a single person in 20 to 30 minutes 
following routine fluoroscopy. It carries no hazard 
for the patient. It causes no discomfort. With an 
understanding of the underlying hemodynamics 
reflected by the electrokymographie pattern, its 
interpretation may be placed on a more rational 
and reliable basis than previously. Left atrial 
(and ventricular) puncture may then be necessary 
only in very select cases. 


*Statham Laboratories Ine., Los Angeles, Cal. 


Grass Instrument Co., Quiney, Mass. 
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Fig. 1. Angiocardiogram, left posterior oblique projection, of a patient with mitral insufficiency. 
Extremes of left atrial size are shown. The variation is the largest encountered in any patient and 


is plotted in figure 2, patient LR. 


At simple venous angioeardiography the cireu- 
lation of contrast material through the heart is 
sufficiently prolonged by mitral valve disease so 
that filming rates of 1 to 2 per second will provide 
8 to 10 films showing a well-opacified left atrium. 
These are generally, although not always, scattered 
in random fashion throughout the heart eyele. If 
their position in the cycle is known through a tim- 
ing device, one can measure diameter, cireumfer- 
ence, or area of the left atrium, and gain some idea 
of the relative eyelic volume variations. 

The method has distinct limitations, and even 
under fortunate circumstances supplies only a 
minimum of points for plotting a curve; (ideally, 
15 to 20 films in 2 planes at right angles in a single 
cardiac eyele with some mechanical event for tim- 
ing would be desirable). The method used requires 
that the heart rate be regular but asynchronous 
with the filming rate. Respiration must be sus- 
pended to prevent motion. In some instances, 
through an unintentional Valsalva effect, there may 
be progressive reduction of venous return so that 
diastolic filling of the atrium is not uniform for 
each eyele. A number of circumstances may in- 
validate the method: rapid circulation as in the 
normal; atrial fibrillation with an irregular ven- 
tricular rate (found more often than not in serious 
mitral disease); synchronous heart and _ filming 
rates; uncontrolled respiration; unsuccessful tim- 
ing; poor angiocardiographie technic resulting in 


indistinct atrial margins. Due to 1 or more of 
these factors, satisfactory curves could be drawn 
for only 11 of 45 patients with mitral disease 
studied. Surgical exploration was performed in 
9 of these and disclosed high-grade stenosis in 5 
and predominant insufficiency in 4. 


OBSERVATIONS AND RESULTS 

Relation of Left Atrial Border Movements to 

Volume Variations 

The left atrial volume variations in mitral 
valve disease follow simple curves with min- 
ima occurring at or slightly after the Q wave 
and maxima at about the end of the T wave 
(fig. 2). A more accurate statement cannot 
be made because of insufficient observations 
at the critical points, but the basic patterns 
are consistent. They correlate well with the 
mechanical events known to occur at these 


times,® and with other angiocardiographie 


observations.” 

The ascending or filling limb of the curve 
is steep in both stenosis and insufficiency and 
would not allow their differentiation based on 
its form alone, according to our very limited 


observations (fig. 2). The descending or 
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Fic. 2. Cyelie variations in left atrial area in surgi- 
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cally proved patients with either dominant mitral 
stenosis or insufficiency. Scale is square centimeters. 
Vertical lines, Q wave; crossed lines, end of T wave. 
Contradicting measurements at the same time are 
averaged. Slight irregularities on both ascending 
and descending limbs might be plotted in some curves, 
but this is doubtfully permissible within the acecu- 
racy of the method. 


emptying limb, however, has distinctive pat- 
terns. In mitral insufficiency emptying is 
rapid and quite complete shortly after its in- 
ception. In all but 1 instance the chamber 
emptied faster than it filled. This emptying 
pattern is to be expected, for, as will be seen, 
the pressure gradient is high at this time and 
there is no mechanical impediment to flow. 
It is reassuring to find a very similar curve 
in the pioneering studies on mitral insuffi- 
ciency by Wiggers and Feil.® Our tracings, 
however, lack the secondary distention of the 
atrium late in ventricular diastole, as shown 
in their curve. 

The emptying pattern is quite different in 
mitral stenosis. Some emptying occurs early 
in ventricular diastole, but most of it occurs 
later with atrial systole. The curve has a 
decided middiastolic convexity or plateau, for 
the mechanical obstruction to flow interferes 
with atrial decompression. During early dia- 
stole flow probably depends mainly upon 
maintenance of the pressure gradient by the 
elasticity of the left atrium and pulmonary 
veins. A more rapid decrease in volume then 
occurs with additional compression incident 
to atrial systole. (Since this work has been 
completed a similar independent angiocardio- 
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Fig. 3. Top. Patient LR. Mitral insufficiency 
(surgically proved). Correlation of left atrial border 
movements (electrokymogram) and _ relative atrial 
volume (LA area). Heart rates, indicated on the left, 
are not identical. Bottom. Patient RP. Mitral in- 
sufficiency (surgically proved). Correlation of left 
atrial border movements (eleetrokymogram) and rela- 
tive atrial volume (ZA area). Heart rates, indicated 
on the left, are nearly the same. Eleectrokymograms 
were recorded from the left atrial appendage (LAA) 
and left atrium (LA). 
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graphic determination of the relative volume 
variations of the left atrium in mitral disease 
has been published by Arvidsson and QOd- 
man.'! More rapid filming simultaneously in 
2 planes allowed the preparation of curves 
quite similar to those described above. The 
authors note the same features of the atrial 
emptying patterns and further suggest that 
the atrial filling curve may be somewhat steep- 
er in mitral insufficiency. The amplitude of 
the relative volume variations was greater in 
insufficiency. ) 

In all 4 cases of mitral insufficiency the 
electrokymogram invariably showed an_in- 
ward movement in early ventricular diastole. 
Its onset, shortly after the second heart sound, 
followed closely the maximal outward position. 
Comparison of curves in 2 cases shows great 
similarity between volume changes and border 
movements throughout ventricular diastole 
(fig. 3). 

In mitral stenosis movements during ven- 
tricular diastole followed the volume curves 
also (fig. 4). The relatively prolonged inward 
movement of large amplitude, during atrial 
systole, as emphasized by Andersson,® is quite 
distinctive. 

The movement and volume curves are not 
always similar throughout ventricular systole, 
however. The electrokymogram often shows 
an inflection and sometimes a distinct down- 
ward deflection (inward atrial movement) 
during early ventricular systole in both mitral 
stenosis and insufficiency. There is no sugges- 
tion of comparable change in the volume 
curves. Yet, as we have said, our data in 
this period are inadequate. Nevertheless, this 
is the period for the atrium to fill from the 
pulmonary veins, so that no decrease in vol- 
ume can be reasonably expected. This move- 
ment, then, is probably a matter of atrial 
displacement or change in shape, occurring in 
time with the descent of the atrioventricular 
ring, and obscuring a coincident increase in 
volume. 

In addition to defining the qualitative re- 
semblance of the atrial border movements to 
volume changes, angiocardiography also gives 
a clear indication of their relative magnitude. 
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Fig. 4. Patient EM. Mitral stenosis (surgically 
proved). Correlation of left atrial border movements 
(electrokymogram) and atrial volume (LA area). 
Heart rates, indicated on the left, are widely diver- 
gent. 


Figure 5 is representative of many experi- 
ences showing that the bulk of chamber-size 
variation is not necessarily reflected in surface 
movement. Wide oscillations of the atrioven- 
tricular rings allow reciprocal changes in 
atrial and ventricular volumes with relatively 
little surface movement. 


Relation of Left Atrial Border Movements to 

Intracavitary Pressure Changes 

A further understanding of the left atrial 
border movements in mitral valve disease has 
resulted from comparisons of the electrokymo- 
gram with the direct left atrial pressure trac- 
ing from the same patient. This has been 
possible in 11 cases to date. Nine of these 
were surgically verified, 5 showing predom- 
inant stenosis and 4 predominant insufficiency. 
Two were not operated on because of con- 
vineing evidence of predominant insufficiency. 
The electrokymographie pressure studies were 
not simultaneous, so that the conclusions that 
may be drawn from them must be limited. 
Furthermore, the electrokymographiec studies 
were made with subjects erect with phono- 
cardiographie timing, whereas pressure stud- 
ies were made with subject prone with electro- 
eardiographie timing. Despite these factors, 
an obvious qualitative similarity may be 
recognized in records from the same patient. 

The form of the left atriai pressure tracing 
in experimental mitral insufficiency is well 
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Fie. 5. Patient RW. Angiocardiogram, left posterior oblique projection, mitral stenosis. Ex- 
tremes of size of the left atrium. Note the relatively slight positional change of the esophagus 


against the posterolateral atrial surface comparel to the marked change in atrial size. 


Penciled 


lines on the right film indieate esophagus position and atrial margins of the left film. 


established® '* and correlates with recently 
reported clinical records.'* '* There is some 
reduction of the normal descent that follows 
the C wave in early ventricular systole, but 
the striking feature is the large, late systolic 
V wave (or so called regurgitant wave). The 
importance of a steep descent with rapid dis- 
appearance of a measurable gradient between 
left atrium and ventricle in early diastole has 
been stressed by Owen and Wood.'® Our ree- 
ords have shown these characteristic features 


in all instances of predominant insufficiency. 
From some eases of mitral stenosis with slight 
insufficiency we have obtained similar pres- 
sure curves, but there was the distinguishing 
feature of a diastolic gradient across the 
mitral valve in these patients. 


There were similarities between the pres- 
sure record and the border movement tracings 
in all of our cases. With atrial fibrillation 
this was true throughout the entire cardiac 
eyele. Where a normal sinus mechanism 
prevailed, it was true except during atrial 
systole, when inward movement was accom- 
panied by increased pressure. The form of 
the electrokymogram in surgically proved 


cases of insufficiency had the same general 
outline as the pressure record. Figure 6 shows 
one example. Figure 7 shows 4 other cases 
demonstrating the similarity of the pressure- 
electrokymogram relationship. Thus, it would 
seem that the left atrial border movements 
qualitatively reflect variations in pressure ex- 
cept during atrial systole. 


Electrokymographic Records in Experimental 
Mitral Insufficiency 


The records of experimental studies carried 
out with Nordenstrém and co-workers‘ were 
reviewed. In 3 dogs with chronic mitral in- 
sufficiency and considerable left atrial dilata- 
tion border movements were similar. The 
prominent inward movement noted preopera- 
tively in early ventricular systole was partial- 
ly or completely effaced. The curve became 
essentially a single, large wave, rising to a 
peak in late ventricular systole and falling 
more rapidly than it rose in early ventricular 
diastole. Inward movement during atrial 
systole was reduced in amplitude and, because 
of tachycardia, merged with the early diastolic 
descent. In the fourth animal with acute 
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mitral regurgitation and with no recognizable 
left atrial dilatation, the only change was the 
appearance of a large positive wave in late 
ventricular systole. 


Correlation between Surgical and Electroky- 
mographic Evidence of Mitral Insufficiency 
On the basis of these observations, certain 
criteria were developed for the recognition of 
clinically significant mitral insufficiency by 
the left atrial electrokymogram (fig. 8). (A) 
A distinet and prominent outward (upward) 
LEFT ATRIAL : . vest a Sen 
PRESSURE movement in early systole synchronous with 
valve closure, succeeded by, (B) an inward 
(downward) movement, forming a trough 
of from 0.08 to 0.16 second duration in mid- 
systole, (C) a late systolic wave of greater 
amplitude than the initial peak with a gradual 
upward slope, (D) rapid collapse of this wave 
heave in early diastole, with return to baseline 
within 0.12 second, (EF) complete or almost 
Fig. 6. Patient DW. Mitral insufficiency (surgi- : 
Peace : : complete absence of inward (downward) 
cally proved) Similarity of left atrial pressure curve ; 
: movement due to atrial systole. 
and electrokymogram from the appendage is apparent. _ ee ; 
Pressure was 35/25 mm. Hg due to congestive failure. Electroky mograms from 44 patients who 
Rates were slightly different. Form of the electro- had surgical or pathologie verification of their 
kymogram is typical of insufficiency. lesions were evaluated without knowledge of 
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Fic. 7. Four examples showing the qualitative similarity between the left atrial pressure and 
the electrokymogram. Atrial fibrillation was present in all instances. Paper speeds for electro- 
kymograms and pressure records were different. In A and B a small jet was discovered at surgery, 
but the predominant lesion was high grade stenosis. C and D were not subjected to surgery be- 
cause of overwhelming evidence of insufficiency. From left to right the records show a pattern of 
progressively more insufficiency and less stenosis. In D is illustrated the type of curve expected in 
the most severe variety of mitral insufficiency. 
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Fic. 8. Diagrammatic representation of a normal 
and insufficiency curve, showing features important in 
recognizing predominant mitral insufficiency by the 
electrokymogram. The rapid inward movement in 
early diastole in the lower curve, representing un- 
impeded atrial emptying, is of great diagnostic im- 
portance. Criteria include: An inflection, A, in early 
systole synchronous with valve closure. A deflection 
forming a trough, B, of from 0.08 to 0.16 second 
duration in midsystole. A late systolic wave, C, of 
greater amplitude than the initial peak, A. Rapid 
return of this wave to the baseline, D, within 0.12 
second. Reduction in the duration and amplitude of 
the inward movement, EF, dune to atrial systole. 


name, clinical data, or surgical findings. Wave 
patterns fulfilling the above criteria were 
searched for and, if clearly present in one or 
more projections, were considered indicative 
of significant mitral insufficiency. Patients 
were divided into 2 groups of absent or in- 
significant insufficiency and predominant in- 
sufficiency. The principal valvular lesion was 
correctly predicted in 9 cases of proved mitral 
insufficiency and in 33 cases of proved steno- 
sis. Two patients with significant insufficiency 
failed to show a characteristic wave form in 
the available tracings (fig. 9). 

Other observations of help in differentiating 
the basic valvular lesion can be made in retro- 
spect. 1. With insufficiency of more severe 
degree deflections A and B (fig. 8) became 
smaller, while C and D increased in size. 2. 
With sinus rhythm the atrial systolic descent 
was broad and deep in severe mitral stenosis. 
3. Border movements were of relatively 
greater amplitude with predominant insuffi- 
ciency than with predominant stenosis. 4. 
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Fic. 9. Representative eleectrokymograms from 2 
eases in which border movements failed to correlate 
with the surgical findings. A. Predominant mitral 
insufficiency: Electrokymogram failed to show diag- 
nostic pattern, despite the presence of atrial fibrilla- 
tion. B. Aortie stenosis and insufficiency: Eleetro- 
kymogram suggested mitral stenosis (prominent in- 
ward movement present with atrial systole). Another 
patient with this combined lesion showed a similar 
pattern. 


Atrial fibrillation tended to accentuate the 
electrokymographiec signs of insufficiency. 


Discussion 

‘*Systolic expansion’’ of the left atrium 
(apparent enlargement of the atrium during 
ventricular systole) with mitral regurgitation 
was first described clinically by Owen and 
Fenton in 1901'® and radiologically by Holz- 
knecht™ in that same year. Its value as a 
sign of insufficiency has been repeatedly 
emphasized (most recently by Brigden and 
Leatham!’). Elkin and associates,!® however, 
have reported this fluoroscopic finding in both 
We believe that 
our angiocardiographic and 


stenosis and insufficiency. 
electrokymo- 
graphic observations make it perfectly clear 
that to speak of ‘‘systolic expansion’’ of the 
left atrium with reference to the differentia- 


tion of mitral stenosis and insufficiency is 
meaningless. In either case (figs. 1-5), rapid 
filling of the atrium occurs during ventricular 


systole, whether from pulmonary veins alone 
or from the veins and left ventricle together. 
The difference lies not here, but in the manner 
of diastolic emptying, which is early and rapid 
with insufficiency, and prolonged and slow 
with stenosis. In our opinion the term ‘‘ early 
diastolic collapse’’ would be more descriptive 
of the altered left atrial border movements in 
mitral insufficiency. 











Early workers established criteria for 
normal atrial border movements*°** and 
pointed to distortion of this pattern with the 
development of a ‘‘systolic plateau’’ in mitral 
regurgitation.2°"* The reliability of this sign 
was very quickly disputed, however, as a 
result of reports of plateau curves in normal 
subjects”’*! and in eases of pure mitral steno- 
30,32 Haring, Liu, and Trace** again 
emphasized a ‘‘plateau’’ contour of both the 
pressure and border movement records during 


SIS. 


ventricular systole, designating them ‘‘early,’’ 
‘‘intermediate,’’ or ‘‘late,’? depending on 
their timing. There is no question that the 
contour of the left atrial electrokymogram 
changes during ventricular systole in both 
experimental and clinical mitral insufficiency. 
The normal descent during early ventricular 
ejection (fig. 8) may be distorted or effaced, 
and there is a definitely prominent upward 
movement throughout the last half of systole. 
But these changes are seldom of ‘‘plateau’”’ 
configuration and of themselves are not dis- 
tinctive. The rapid, early diastolic descent 
gives the curve its diagnostic contour. This 
inward movement is identical in time to the 
early diastolic decrease in left atrial volume, 
left atrial pressure (measured directly’? and 
indirectly,!*) and esophageal pressure** ** in 
patients with surgically verified mitral in- 
sufficiency. Neither the volume nor the pres- 
sure changes in the left atrium are charac- 
terized by an abrupt prolonged systolic rise 
to a plateau. In our opinion, the accumulated 
evidence indicates that the descriptive term 
‘*systolic plateau’’ has no relation to under- 
lying hemodynamic events and is therefore 
not a justifiable basis for the electrokymo- 
graphic diagnosis of mitral insufficiency. 

Based on the described observations, our 
concept of the relation of left atrial border 
movements to changes in volume and pressure 
can be stated simply. The movements during 
ventricular systole are qualitatively similar 
to pressure changes, while the diastolic move- 
ments are qualitatively similar to volume 
changes. The details in relation to mechani- 
cal events are as follows. 
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The initial outward movement during iso- 
metric contraction of the ventricle may be 
either positional or volumetric, for while the 
mitral valve is closed and thrust up into the 
floor of the atrium, the atrial volume has 
begun to increase by filling from the pulmo- 
nary veins. The recession that follows, coin- 
cident with rapid ventricular ejection and 
downward movement of the atrioventricular 
ring, is purely positional, for there is con- 
tinued inerease in the volume at this time. 
This recession is reduced or absent in mitral 
regurgitation. Our studies suggest that this 
change is most likely due to enlargement of 
the left atrium and distention of the pulmo- 
nary veins (features regularly present in mi- 
tral valvular disease) that might be expected 
to reduce their mobility without reducing the 
movements of the atrioventricular ring (figs. 
1 and 2). In the experimental records a 
normal systolic recession was demonstrated 
only in the animal with acute insufficiency 
and no left atrial enlargement. This hypo- 
thesis provides explanation for the similarity 
of the systolic contour of the electrokymo- 
gram in mitral stenosis,® where atrial dilata- 
tion is likewise present. 

The atrial position in late ventricular Sys- 
tole and its movements during rapid ventricu- 
lar filling and diastasis are qualitatively 
similar to both volume and pressure changes. 
This period, when the atrium passively re- 
flects these phenomena, is the most important 
for the differentiation of mitral insufficiency 
and stenosis. 

Atrial movements during atrial systole are 
cualitatively similar to changes in volume 
and are inversely related to pressure. Atrial 
emptying limited mainly to atrial systole is 
a feature of mitral stenosis (with normal 
sinus rhythm) and is not found in pure mi- 
tral insufficiency. 

This simplified account of these relation- 
ships is much the same as that given in more 
detail by Andersson.® It neglects the atrial 
surface used for recording and other seem- 
ingly minor influences, such as change in 
atrial shape or rotation. We claim no origi- 
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Fig. 10. Diagrammatic representation of the time 
relations of left heart pressures, left atrial volume, 
and border movement in mitral insufficiency. The 
electrocardiogram, pressures, and _ electrokymogram 
are traced from experimental records. The atrial 
volume and phonocardiogram are artificial. AB ven- 
tricular systole, BC early diastole emptying (passive), 
CD late diastolic emptying (atrial contraction). 


nality for it but do provide some supporting 
hemodynamic measurements. An _ idealized 
diagram (fig. 10) based on synchronous pres- 
sure and electrokymographie records from 1 
of the experimental animals illustrates these 
relationships in mitral insufficiency. 


A cause of error in electrokymographic 
recognition of mitral insufficiency needs to 
be briefly mentioned. 


Two cases in whom 
this lesion was not detected had aortic steno- 
sis and insufficiency with atrial movement 
curves suggesting mitral stenosis (fig. 9). It 
would seem reasonable that left ventricular 
hypertrophy or residual blood resulting from 
these lesions delayed the rapid inflow from 
the left atrium, upon which the recognition 
of mitral insufficiency depends. Thus, it is 
well to bear in mind the possibility that com- 
plicating lesions that impede left ventricular 
emptying (aortic valve lesions) may simulate 
mitral stenosis and obscure the recognition of 
mitral insufficiency.*® 
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It must also be clear that the inward move- 
ment in early ventricular diastole upon which 
we place emphasis does not specifically iden- 
tify mitral insufficiency. It means simply 
that there is no impediment to left atrial emp- 
tying at this time. It occurs normally and 
it means mitral insufficiency only in estab- 
lished cases of mitral valve disease by execlud- 
ing, with rare exception, significant mitral 
stenosis. 


SUMMARY 


Correlation of the left atrial electrokymo- 
gram with volume variations and pressure 
curves in experimental and clinical mitral in- 
sufficiency has resulted in a greater under- 
standing of the basis for the changes observed 
in the border movements. The form of the 
electrokymogram in ventricular diastole ap- 
pears to reflect primarily changes in the vol- 
ume of this chamber. The pattern during 
ventricular systole seems to be a combination 
of slight changes in atrial position or shape 
superimposed on an expanding atrial volume. 
Based on these observations, criteria for the 
recognition of hemodynamically significant 
mitral insufficiency by the electrokymogram 
have been revised. Special emphasis is placed 
on a rapid inward movement of the atrial 
wall during the period of early diastolic emp- 
tving. Application of these criteria to a 
group of patients with surgically proved val- 
vular lesions suggests that they are more re- 
liable than those heretofore described. 
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SUMMARIO IN INTERLINGUA 


Le correlation del electrokymogramma si- 
nistro-atrial con variationes de volumine e 
curvas de pression in insufficientia mitral ex- 
perimental e clinic ha resultate in un elarifi- 
cation del bases del alterationes observate in 
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le movimentos marginal. Le forma del elec- 
trokymogramma in diastole ventricular pare 
reflecter primarimente alterationes in le volu- 
mine de iste camera. In systole ventricular le 
conformation electrokymographic pare reflec- 
ter un combination de leve alterationes del 
position o del forma atrial superimponite a 
un volumine atrial in expansion. Super le 
base de iste observationes, le criterios pro le 
recognition electrokymographie de hemody- 
namicamente significative insufficientia mi- 
tral ha essite reformulate. Attention special 
ha essite prestate al rapide movimento introrse 
del pariete atrial durante le periodo del vacu- 
ation diastolic initial. Le application de iste 
criterios a un gruppo de patientes con chirur- 
gicamente provate lesiones valvular pare in- 
dicar que illos es plus solide que le criterios 
deseribite in le passato. 
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The authors on the basis of 21 cases proved at surgery come to the conclusion that no 

characteristic roentgenologic picture exists, that the typical small heart was present about 

half of the time, while the others were moderately or even markedly enlarged. Right 
ventricular and atrial enlargement occurred in 11 of 16 cases. Pulmonary artery dilata- 
tion involving the trunk and hilar branches occurred frequently, as did pulmonary con- 
gestion. The superior vena cava was frequently observed to be dilated, often involving 
also the adjacent azygos vein. Pulsations were regarded as of diminished amplitude in 
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that based on the presented evidence that such roentgenologie observations as cardiac 
enlargement, normal pulsations, and pulmonary arterial widening should not be con- 
sidered incompatible with the diagnosis of constrictive pericarditis when clinical observa- 
tions to the contrary are present. 
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Ventricular Precontracting Area in the 


Wolff-Parkinson-White Syndrome 


Demonstration in Man 


By Givu.io Banprera, M.D., AND PrerR Fausto ANTOGNETTI, M.D. 


By means of the analytic method of roentgenkymography of Cignolini, 11 typical cases of 


W olff-Parkinson-White syndrome were studied. 


Comparison of the kymographie tracines 
« oD “ 


with the synchronously registered electrocardiogram demonstrated precocious contraction of 
a limited ventricular area, situated in the left ventricle in the A type and in the right ven- 


tricle in the B type. 


N THE Wolff-Parkinson-White syndrome 

(W-P-W) the recognized causes of the 
pathognomonic electrocardiograhic slow wave 
(the so-called delta wave) inserted between P 
and R are premature excitation of a ventric- 
ular area and an exceptionally slow trans- 
myocardial conduction of the impulse, before 
it reaches the Purkinje network, and hence the 
whole of the myocardium.' It has been ex- 
perimentally verified that such conduction 
may occur in a peculiar way in a few limited 
ventricular areas localized in the arterial cone 
of the heart, and chiefly in the right or left 
ventricular area adjacent to the anterior seg- 
ment of the interventricular septum, close to 
the base.* 

According to some authors, activation may 
originate in the septum; however, it diffuses 
first to one ventricle and then to the other. 
Following the conception of Rosenbaum et 
al., it would diffuse firstly to the left ventri- 
cle in the so-called A type (positive QRS in 
V,, Ve, Ve) and to the right one in the B type 
(negative QRS in V,, Ve, Ve).? 

Since investigative procedures employed to 
date (jugular phlebography, cardiae sphyg- 
mography, roentgenkymography, electroky- 
mography, ete.) have yielded uncertain and 
inconstant data on the mechanical effects of 
the ventricular pre-excitation phenomenon, 
a study employing Cignolini’s analytic meth- 
od of roentgenkymography** was undertaken. 
By this method it is possible to obtain detailed 
graphs that reflect the movement of almost 


From Medieal Clinie of the University, Genoa, 
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Fig. 1. Method of timing the duration of x-ray 
emission (seeond line) and synchronizing it with the 
electrocardiogram (first and third lines) and the 
phonocardiogram (fourth line). Time intervals, 0.02 
second. 


Circulation, Volume XVII, February 1958 





Fic. 2. Diagram of the normal roentgenkymo- 
graphie tracings compared with the electrocardiogram 


and phonocardiogram, Time intervals 0.02 second. 


every point of the cardiovascular profile and 
are always chronologically comparable among 
themselves together with synchronously reg- 
istered electrocardiograms® * (figs. 1 and 2). 
Moreover, the single ventricular areas can be 
observed directly and not indirectly by means 
of the movements of the great vessels caused 
by them. This last method, though extensively 
utilized by many workers, is obviously incor- 
rect, inasmuch as any given ventricular area 
may contract prematurely without causing a 
pressure gradient high enough to open the 
semilunar valves. This has been proved ex- 


perimentally by Prinzmetal et al. ;8 they stim- 
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Fic. 3. Case of W PW audi, A type. Note 
the position of the e point (beginning of the ven- 
tricular contraction) in the higher section (a) and in 
the lower section (b) of the left ventricle; 0 = be- 
ginning of the atrial contraction; s = protosystolie 
wave. Time intervals 0.02 second. 


ulated the epicardial or endocardial surface 
of both ventricles electrically and produced 
the W-P-W pattern; a filmed record of the 
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lia. 4. Another case of W-P-W syndrome, A type. 


contraction of the heart showed that in 
W-P-W systoles the mechanical activity of the 
heart was distinctive. Atrial contraction was 
normal, but it was not followed by the normal 
pause. On the contrary, ventricular activity 
followed immediately and 4 phases were rec- 
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Fig. 5. Another case of W-P-W syndrome, A type. 


ognized: (1) premature contraction of the 
electrically activated myocardial area fol- 
lowed by a discontinuous diffusion of the con- 
traction wave to the surrounding areas (no 
blood ejection from the ventricle takes place 
in this phase) ; (2) contraction of the remain- 





Fic. 6. The same ease as that in figure 5, after the 
disappearance of the electrocardiographie abnormali- 
ties. The precontraction still persists. 


ing ventricular myocardium, which occurred 
rapidly, as in normal systoles; (3) diastolic 
relaxation and protrusion of the precon- 
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Fig. 7. Another case of W-P-W syndrome, A type. 


tracted area, while the remaining ventricular 
muscle was still contracted; (4) occurrence 
of diastole. 
ROENTGENKYMOGRAPHIC STUDIES 

In a series of typical cases, detailed roent- 
genkymographic tracings were performed. 
Apart from variations in general morphology 
corresponding to the different physical types 
of the patients, a peculiar abnormality was 
detected, which we believe to be almost pa- 
thognomonic of the syndrome (figs. 3-10). 

This consisted of a very clearly premature 
onset of the ventricular contraction (so-called 
point ¢) in the higher section of the left ven- 
tricle in the A type and of the right ventri- 
ele in the B type. The significance of this 
finding was indicated by the fact that this c 
point was earlier, by .04 to over .08 second, 
than the corresponding one in the lower sec- 
tions of the same ventricle (fig. 11). In con- 
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Fig. 8. The same ease as that in figure 7, after the 
disappearance of the electrocardiographie abnormali- 
ties. 


trast, the c point of the lower ventricular 
sections occurred about .03 second after the 
onset of QRS, as occurs in normal beats. 

In other words, it is clear that the lower 
sections of the ventricles are not late in start- 
ing to contract. Contrariwise, the higher sec- 
tions begin contracting much earlier, coinci- 
dent with the abnormal delta wave on the 
electrocardiogram. In placing the ¢ point, it 
should be kept in mind that the onset of sys- 
tole, which is represented by the apex of the 
angle composed by the diastolic and systolic 
boundaries of the ventricular tracings, is 
closely followed by the protosystolic wave s. 
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Fig. 9. Case cf W-P-W syndrome, B type; records 
Note a 
premature contraction in the higher section of the 


tuken in the right anterior oblique position. 


right ventricle. 


This last, which is scarcely recognizable in the 
proximity of the cardiac apex, becomes more 
evident toward the base, where it often makes 
up the outer point of the whole tracing. It 
may also be noted that s wave, which is not 
the expression of a local contraction, but an 
effect of the whole ventricular systole, is 
‘rarely asynchronous in the different sections 
of the heart. Furthermore, the great vessels 
widen in a normal chronologic sequence after 
the ventricular contraction. The atrial waves 
also are normal in morphology and ehronol- 
ogy. Every other roentgenkymographic com- 
ponent is quite normal. 

In some cases a kymogram was recorded 
after the electrocardiographie abnormalities 
disappeared following intravenous procaine 
amide. In these tracings the precontraction 
was also clearly recorded (figs. 6, 8 and 10). 
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Fic. 10. The same ease as that in figure 9, after 


the disappearance of the electrocardiographie abnor- 
malities. The precontraction still persists. 


Ilowever, it was not always possible to demon- 
strate the ventricular precontraction area in 
all cases: this was possible in 8 of our 11 
cases. This failure occurred because the area 
was exceedingly small or was situated in 
points scarcely controllable by the kymo- 
eraphie analysis, especially in the B type of 
W-P-W 


stated, the degree of precontraction may 


syndrome. Moreover, as already 


change (in our eases from .04 to .08 see- 


ond), sometimes even in the same subject. 


DIscuUSSION 

It may be concluded that the kymographie 
tracings clearly confirm the existence of a 
‘‘precontraction area,’’ situated in the arte- 
rial cone of the left ventricle in the W-P-W 
syndrome A type, and of the right ventricle 
in the B type. It seems, accordingly, that 
the arrival of a premature excitation at a 
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Fig. 11. Relationship between electrocardiogram 
and roentgenkymogram of the ventricular precontrac 
tion area. Time intervals 0.01 second. 
limited area of the ventricular myocardium 
is definitely demonstrated also in man. The 
delta wave is the expression of the slow pro- 
gression of the impulse from the pre-excitated 
area to the adjacent ventricular myocardium. 
Despite the delay produced by this phenome- 
non, the excitation reacheg the whole ventric- 
ular myocardium ea -Sthan the impulse 
traveling along the Tawarian pathways (fig. 
12). When the eleetrocardiogram does not 
show the typical abnormalities of the syn- 
drome, it may be assumed that pre-excita- 
tion and precontraction still exist in a given 
ventricular area, but the excitation reaches 
the remaining ventricular myocardium by 
way of physiologic pathways and the impulse 
arising in the abnormal area is blocked. 

In summary, it is evident that in W-P-W 
syndrome there exist 2 pathways of ventrie- 
ular excitation. The anomalous pathway, of 
anatomic or simply functional nature, con- 
ducts the impulse faster than the normal 
one, so that the excitation reaches the ventri- 
cles earlier, and particularly an area located 
near the base of the right or left ventricle. 
While this area contracts the excitation 
passes to the remaining ventricular myo- 
cardium with a certain delay (delta wave), 
but always faster, however, than the normal 
impulse, traveling along the normal path- 
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Vig. 12. Diagram of the 2 atrioventricular condue- 
tion pathways in the W-P-W syndrome (5:precontrae- 
tion area). 


ways, which, therefore, finds the ventricles 
already in a refractory state. 
When, either spontaneously or by means 


of pharmacologic agents, the impulse arising 
from the pre-excited area is blocked, the ven- 
tricles are excited in the normal way: but 
the ventricular precontraction still persists. 


SUMMARY 

Studies carried out in the Wolff-Parkinson- 
White syndrome by means of the analytic 
roentgenkymography have shown for the 
first time in man a precocious contraction of 
a limited ventricular area, which is situated 
in proximity of the base, in the left ventricle 
in the A type and in the right ventricle in 
the B type. 


SUMMARIO IN INTERLINGUA 

Studios effectuate in patientes con syn- 
drome de Wolff-Parkinson-White per medio 
de roentgenokymographia analytic ha produ- 
cite le prime demonstration del occurrentia in 
humanos de un contraction precoce in un area 
restringite del ventriculo. Iste area es situ- 
ate in le proximitate del base in le ventriculo 
sinistre in typo A e in le ventriculo dextere 
in typo B. 
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Patent Duectus Arteriosus in Association with 
Pulmonic Stenosis 


A Report of Six Cases with Additional Noncardiac 
Congenital Anomalies 


By Doveuas C. Heiner, M.D., ANp ALEXANDER S. Napas, M.D. 


A review was made of patients recently seen at the Children’s Medical Center, Boston, who quali- 
fied for the diagnosis of patent ductus arteriosus associated with pulmonic stenosis. Six such pa- 
tients were observed. The cardiac findings were distinctive, allowing for presumptive diagnosis 
without catheterization in the majority of instances. Noncardiac congenital anomalies of a par- 
ticular type were found to be a part of the clinical profile. This finding plus certain epidemiologic 
evidence suggests the possibility of a common etiologic factor. 


ATENT ductus arteriosus and pulmonic 

stenosis as individual lesions are among 
the commonest of congenital defects of the 
heart, each constituting 10 to 15 per cent of 
congenital cardiac anomalies.' A combination 
of the 2 has been thought to be relatively 
uncommon. Eckstrom? found that of 255 
patients carefully evaluated following opera- 
tive repair of a patent ductus arteriosus, 17, or 
6 per cent of the total, were found to have a 
murmur with a cause demonstrable by right 
heart catheterization. Twelve (4.7 per cent) had 
a significant gradient between the right ven- 
tricle and the pulmonary artery, indicating the 
presence of pulmonic stenosis. Gross’ performed 
simultaneous pulmonary valvotomy on 3 of 
525 patients operated upon for a patent ductus 
arteriosus. He likewise observed that about 6 
per cent of his patients had a persistent organic 
murmur following surgery for patent ductus 
arteriosus. 

The purpose of this paper is to report our 
findings in patients with patent ductus arterio- 
sus and pulmonic stenosis, to point out how 
these findings differ from those in patients with 
either lesion alone, and to discuss the possible 
significance of certain associated noncardiac 
anomalies that have been observed. 

MATERIAL AND METHODS 
A review of recent experience (1945-1956) in this 


hospital revealed 6 patients with good evidence of a 


From the Department of Pediatrics, Harvard Med- 
ical School and the Sharon Cardiovascular Unit, 
Children’s Medical Center, Boston, Mass. 


patent ductus arteriosus and associated pulmonic 
stenosis. All 6 have been operated upon for repair of 
the patent ductus and have had findings during 
operation and in the postoperative period indicating 
the presence of pulmonic stenosis. ‘Four of these 
children were also subjected to cardiac catheteriza- 
tion preoperatively. 

Careful histories, physical examinations, routine 
laboratory studies, chest x-rays, fluoroscopy, and 
electrocardiograms were done on all patients. The 
methods and instruments used at cardiac catheteri- 
zation were described in previous reports from this 
department.’ ® 


CasE HISTORIES 


Case 1. R. V. This boy was born following an 
apparently normal full-term pregnancy with no 
known evidence of maternal trauma, rubella, or 
other infections. He was thought to be normal at 
birth but has always been underweight for his age. 
Speech and hearing difficulties were present from 
sarly life, and he has consistently been slow in 
school work. 

A murmur was discovered at the age of 3 years 
when he was taken to a physician because of ‘“faint- 
ing spells.” The fainting spells have not recurred. 

On hospitalization at the age of 9, physical ex- 
amination revealed his height and weight each to be 
under the third percentile on our developmental 
charts.6 Head circumference was 18.3 inches. The 
second heart sound was diminished in the pulmonic 
area and was narrowly split. A grade IV continuous 
murmur was heard in the second left and right 
interspaces and a separate, rough stenotic grade V 
systolic murmur was heard along the left sternal 
border, transmitting well to the neck and upper 
back. Additional findings are outlined in tables 1-3 
and a preoperative electrocardiogram is shown in 
figure 1. 

A diagnosis of patent ductus arteriosus with 
pulmonic stenosis was made. At operation, the 
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TABLE 2.—Factors Possibly 


? 


Patient number 
History of maternal rubella in 
early pregnancy 
Birth date..... 
Birth place. . 
Mental retardation. . 
Motor retardation. 
Microcephaly. . 
Kye abnormalities................ 
Hearing deficit 
Birth weight....... 
Height preop. (percentile) 
Weight preop. (percentile) 
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patent ductus arteriosus was divided and a pul- 
monary valvotomy was performed. Evaluation in 
the immediate postoperative period revealed absence 
of the continuous murmur, a persistence of the 
rough stenotic murmur, and no significant change in 
the electrocardiogram. 


Case 2. R. C. Maternal pregnancy and delivery 
were thought to be normal. The patient was seen 
at Children’s Medical Center at 19 months of age 
for evaluation of hearing difficulty. Audiometric 
tests revealed an 85 to 100 decibel loss bilaterally. 
Since then he has been followed in the congenital 
heart clinic where he has been noted to have fre- 
quent respiratory infections but to be active and 
without other cardiac symptoms. 

At 2%» years of age his arm blood pressure was 
125/55. His pulmonic second sound was well split 
and of normal intensity. There was a grade V rough 
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stenotic systolic murmur heard best in the supra- 
sternal notch and a grade IV continuous murmur in 
the second left interspace. Further findings are out- 
lined in tables 1-3. A preoperative electrocardiogram 
is shown in figure 1. 

The diagnosis of patent ductus arteriosus with 
pulmonic stenosis was made. At surgery, a patent 
ductus arteriosus was divided and pulmonary 
valvotomy was performed. Preoperative and post- 
operative chest roentgenograms are shown in figures 
2 and 3. 

At age 3%» the patient was asymptomatic 
except for hearing and speech difficulties. Blood 
pressure was 110/70. A thrill was palpable in the 
second left interspace and a grade III to IV rough 
systolic murmur was heard in this area, transmitting 
to the neck and upper back. Chest x-ray revealed a 
reduction in the previous cardiac enlargement and 





TABLE 3.- 


Patient number 


History 

Age murmur discovered 

Fainting spells 

Dyspnea 

Frequent respiratory infections 
Physical examination 

Blood pressure 100/50 
Impulse R+1L 
Thrill 2LIS;+ SNt 
P. diminished x 
P. widely split 
Machinery murmur (preop.) 
Stenotic murmur preop. 
postop. 
X-ray 

Cardiomegaly 

Pulmonary vasc. engorgement 

Main pulmonary 

prominent 

Left atrium prominent 
ECG 

Right ventricular hypertrophy 

preop. 


artery 


postop. 
Left ventricular hypertrophy 
preop. 
postop. 
Incomplete right bundle-branch 
block preop. 
postop. 
Axis, preop. 
* Not recorded. 
+ 2nd left intercostal space. 
t Suprasternal notch. 
§ Not determined. 
Indeterminate. 


electrecardiogram showed a significant decrease in 
both right and left ventricular potentials. Pre- 
operative and postoperative phonocardiograms are 
shown in figure 4. 

Case 3. L. W. This girl’s mother had rubella 
during the third month of pregnancy. Gestation was 
otherwise uncomplicated and led to a normal de- 
livery at full term. No immediate neonatal difficul- 
ties were noted. However, the patient gained weight 
slowly and had frequent respiratory infections 
associated with dyspnea. A single “fainting spell’ 


occurred at 1 year of age. Strabismus has always been 
present. An ophthalmologic consultant described a 
form of tapeto-retinal degeneration. 
evaluation revealed mild mental retardation. At 5 
years of age a patent ductus was suspected because 
of a systolic murmur extending into diastole at the 
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Clinical Cardiac Data 
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base of the heart, and a wide pulse pressure (115/0). 
There was also a marked suprasternal thrill and 
rough systolic murmur, transmitting well to the 
neck and back (tables 1-3). 

At 6 242 vears the patent ductus was divided. At 
operation a residual thrill of moderate intensity was 
felt over the pulmonary artery but not over the 
aorta. Valvotomy was not performed. 

Postoperatively there has been no excessive 
respiratory infections or dyspnea. Her height and 
weight curves show that she has progressed from 
far below the third percentile preoperatively in 
height and weight, to the fifth percentile for height 
and the fifteenth percentile for weight. Blood pres- 
sure is 115/65. Physical findings are those of a 
patient with mild to moderately severe pulmonic 
stenosis. Electrocardiographic changes are shown in 
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AVF 
R.V. Patent Ductus Arteriosus and Pulmonic Stenosis 
Fic. 1. Preoperative electrocardiograms showing right axis deviation and right ventricular hyper- 


trophy in patients who had 81 and 51 mm. Hg peak systolic pressure gradients, respectively, across 
the pulmonic valve. 


Fic. 2. Preoperative roentgenograms of patient no. 2 with patent ductus arteriosus and pulmonic 
stenosis. There is slight cardiomegaly but pulmonary vascularity appears within normal limits. 
Left, right anterior oblique; middle, posteroanterior; right, left anterior oblique. 


figure 5, revealing a progression from left ventricular infant with bilateral congenital cataracts. Weight 

hypertrophy preoperatively to right ventricular gain was always slow even though her appetite was 

hypertrophy postoperatively. adequate. She first sat at 18 months, began walking 
Case 4. F. K. The first trimester of gestation was at 3 years. She has had frequent respiratory in- 

complicated by frequent episodes of vomiting but fections, easy fatigability, and dyspnea on moderate 

there was no history of German measles or other exertion. 

infections. Delivery was at term, resulting in an Physical examination at 7 years of age revealed a 








Fic. 3. Roentgenogram of patient no. 2, 1 year 
postoperatively. 


wandering nystagmus and bilateral aphakia, the 
result of operative removal of cataracts. A grade IV 
rough systolic murmur was heard along the left 
sternal border and transmitted well to the neck and 
upper back. A grade III middiastolic rumble was 
heard at the apex. Some observers, in addition, 
heard a continuous murmur in the pulmonic area. 
Additional findings are noted in tables 1-3. 

At age 7114. the ductus arteriosus was divided. 
Studies several years later showed her to be in the 
twentieth percentile for weight and the twenty- 
fifth percentile for height (preoperatively she was 
below the third percentile for both height and 
weight). There was a grade II rough systolic murmur 
in the pulmonic area. The second sound was rather 
widely split but of normal intensity. Electrocardi- 
ograms have shown a disappearance of left ventricu- 
lar hypertrophy but a persistence of incomplete 
right bundle-branch block. Postoperative catheteri- 
zation data are included in table 1 


Case 5. L. R. This girl’s mother was known to 
have had German measles approximately 1 month 
after conception. Pregnancy was otherwise unevent- 
ful as was delivery at full term. Developmental 
retardation was evidenced by poor weight gain and 
slow linear growth, inability to sit unassisted until 
after 18 months of age, markedly delayed onset of 
walking, and marked slowness in school. 

Preoperative physical examination revealed a 
grade III to IV murmur with systolic crescendo and 
diastolic decrescendo heard best in the pulmonic 
area, having a rough systolic element transmitting 
well to the upper back. Separate systolic and diastolic 
murmurs were heard at the apex (tables 1-3). Only 
standard limit leads were taken in preoperative 
electrocardiograms. 
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Fic. 4. Phonocardiograms in patent ductus ar- 

teriosus and pulmonic stenosis showing a continuous 

murmur preoperatively (¢op) in the second left inter- 

space. In the lower tracing a diamond-shaped sys- 

tolic murmur is seen to persist after division of a 

patent ductus arteriosus and pulmonic valvotomy. 


At 19 months of age the patent ductus arteriosus 
was divided and at operation it was noted that a 
systolic thrill persisted over the pulmonary artery. 
A valvotomy was not performed. Cardiac catheteri- 

zation has not been obtained. Numerous postoper- 

ative examinations over a 10-year period have shown 
the existence of a rough systolic murmur in the 
pulmonic area well transmitted to the neck and 
back. Electrocardiogram 5 years postoperatively 
showed an axis of +115° with definite right ven- 
tricular hypertrophy. 


Case 6. V. T. This girl’s mother had a febrile 
illness without rash when 2 months pregnant, at a 
time when a son in the family and others in the 
community had typical German measles. The 
prenatal course and delivery were otherwise normal. 
Congenital cataracts were noted at birth and were 
surgically removed at 18 months. The patient did not 
walk until 2 years of age. There have been frequent 

respiratory infections all her life including pneumonia 
3 times during her second year. Exercise tolerance 
has been normal. 

Physical examination showed her to be underde- 
veloped and undernourished. There was bilateral 
aphakia and lateral nystagmus. A grade IV rough 
systolic murmur was heard maximally in the pul- 
monic area and suprasternal notch and was well 
transmitted to the neck and upper back. A grade III 
continuous high frequency murmur was _ present 
under the left clavicle and a grade III middiastolic 
rumble was heard at the apex (tables 1-3). 
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Fig. 5. Preoperative (top) and postoperative (bottom) electrocardiograms in patient no. 3 showing 
disappearance of left ventricular hypertrophy and the emergence of right ventricular hypertrophy 
after division of the patent ductus arteriosus. Valvotomy was not performed. 


CLINICAL FEATURES 


A history of rubella in early pregriancy was 
present in 2 cf the 6 mothers and possibly in a 
third. Each patient was born in New England, 
the birth dates lying between October 29 and 
March 21. Four of the 6 patients weighed 514 
lb. or less at birth, and the largest was 634g lb., 
although none was considered premature by 
expected date of confinement calculations. All 
continued to be below average in growth, 5 
being under the third percentile for both height 
and weight at the time of operation. A growth 
spurt was noted in 2 postoperatively (patients 
3 and 4). A heart murmur was heard within 
the first 3 months of life in 4 patients. Two had 
some dyspnea on exertion preoperatively, but 
4 had no limitation of activity at any time. 
l‘our had frequent respiratory infections and 
2 had a history of syncope in early life. None 
had a history of cyanosis or congestive failure. 
Associated congenital anomalies were present 
in each patient and are included in table 2. 

Pulse pressures were in excess of 40 mm. Hg 
in all patients. The cardiac impulse, recorded 
preoperatively in 5 patients, was described to 
be maximal near the xiphoid in 1 patient and 
prominent at both the xiphoid and the apex in 


the other 4. The first heart sound was not re- 
corded as being abnormal in any patient. The 
second sound had variable characteristics, in 
some instances being diminished in intensity in 
the pulmonic area without audible splitting. 
A continuous machinery-like murmur was heard 
in all patients but in some instances was rather 
difficult to make out because of the superim- 
posed murmur of pulmonic stenosis. This latter 
rough, stenotic murmur was recognized in 
the second left interspace and had good trans- 
mission to the suprasternal notch, neck, and 
upper back in 5 patients preoperatively, and in 
all patients postoperatively. A suprasternal 
thrill was palpable more frequently than is our 
experience in patients with isolated patent 
ductus arteriosus. A diastolic murmur was not 
heard postoperatively in any patient. Typical 
preoperative and postoperative phonocardio- 
grams are presented in figure 4. 

Preoperative electrocardiograms included 
chest leads in 5 of the patients and revealed 
evidence of isolated right ventricular hyper- 
trophy in 2 (fig. 1), combined right and left 
hypertrophy in 2, and left ventricular hyper- 
trophy associated with incomplete right 
bundle-branch block in a fifth patient (fig. 5). 





















Postoperative electrocardiograms in 5 patients 
showed right axis deviation and isolated right 
ventricular hypertrophy in 4; the fifth patient 
showed incomplete right bundle-branch block 
with disappearance of the left ventricular 
hypertrophy, which was present in the pre- 
operative tracing (fig. 5). 


Cardiac Catheterization 


Catheterization revealed definite evidence of 
pulmonic stenosis on withdrawal from the pul- 
monary artery in each of the 4 patients so 
examined (table 1). Peak systolic pressure 
gradients between the right ventricle and the 
pulmonary artery varied from 10 to 81 mm. 
Hg. A jump of more than 1.0 volume per cent 
in O. content at the pulmonary artery level 
compared with the right ventricle was found in 
each instance. 


Operative Findings 


The patent ductus was divided in all 6 pa- 
tients and a residual thrill was felt over the 
root of the pulmonary artery in each of 4 in- 
stances in which palpation of this area was 
recorded. Valvotomy was performed in 2 
instances. No evidence of cardiovascular 
anomalies other than patent ductus arteriosus 
and pulmonic stenosis was found in any in- 
stance. 


DIscUSSION 


Etiology. There is evidence’ that a number 
of material diseases or stresses during preg- 
nancy may lead to congenital defects in the off- 
spring. One of these, rubella or German 
measles, requires special discussion in view of 
the clinical features found in our patients. 

Gregg’ first called attention to the impor- 
tance of rubella during pregnancy when he 
reported in 1942 congenital cataracts in 78 
children born to mothers who had rubella 
during early gestation. Forty-four of these 
children also were said to have had congenital 
heart disease. The cardiac lesion proved to be 
a patent ductus arteriosus in most instances 


where a definite diagnosis was made. Murphy"! 


in 1947 collected 295 instances of rubella in 
pregnancy being followed by a defective off- 
spring. Cataracts were found in 161 patients, 
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congenital heart disease in 117, and deaf- 
mutism in 88. Campbell” in 1949 reported 250 
patients with cyanotic congenital heart dis- 
‘ase, stating that 3 resulted from pregnancies 
known to be complicated by maternal rubella; 
all 3 had pulmonic stenosis and a ventricular 
septal defect. One of the 3 had congenital 
‘ataracts. Rutstein et al.’ reported 27 patients 
with congenital heart disease whose mothers 
had rubella during pregnancy. A definite car- 
diac diagnosis was made in 18 of these patients, 
all of whom had a patent ductus arteriosus. 
(Subsequently it has been shown that at least 
2 of these children had the combination of 
patent ductus arteriosus and pulmonic. ste- 
nosis.) These authors emphasized the impor- 
tant point that in Massachusetts most rubella 
infections occur during the spring months and 
the majority of resultant defective children are 
born between October and March. This dis- 
tribution of birthdays contrasts with that of 
patients with patent ductus arteriosus without 
a history of maternal rubella during preg- 
naney.!8 

Studies by a few authors'*-" have reported 
percentages of children who may be expected 
to be defective if born of mothers having known 
rubella in pregnancy. Ingalls'® has recently 
summarized these and other data and con- 
cluded that nearly 15 per cent of such infants 
will have congenital anomalies. Among these, 
patent ductus arteriosus is the most common 
cardiac lesion to be recognized. 

Anderson’ found that noneardiae defects 
occurred in about half of his patients with 
patent ductus arteriosus and additional cardiac 
anomalies. Conversely, noncardiac congenital 
defects were found in only 14 per cent of pa- 
tients with isolated patent ductus arteriosus. 
MacMahon and his co-workers®’ reported 
noncardiac defects in 10 per cent of all patients 
with patent ductus arteriosus. 

Pulmonary stenosis is commonly associated 
with other cardiac anomalies, particularly 
ventricular septal defects. No references could 
be found in the literature citing the occurrence 
of noncardiac defects in patients with pulmonic 
stenosis. It is our impression, however, that 
noncardiac defects of the type reported in the 
present publication are quite rare in patients 
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with pulmonic stenosis, with or without asso- 
ciated cardiac lesions other than patent ductus 
arteriosus. 

Thus, the fact that all 6 of the patients in 
whom we have proved the diagnosis of patent 
ductus arteriosus and pulmonic stenosis have 
had additional noncardiac defects of a particu- 
lar type is interesting and suggests the pos- 
sibility of a common etiologic factor in these 
patients. It should be emphasized that there 
is direct proof in only 2 instances (patients 
3 and 5), and suggestive evidence in a third 
(patient 6), that the mothers of these patients 
had rubella during pregnancy. It is possible 
that other viral agents or noninfectious insults 
may have been etiologic factors in the remain- 
ing cases. Circumstantial evidence, however, 
may be in favor of rubella, particularly the fact 
that each patient’s birthdate falls between 
October and March. lurther support for such 
a hypothesis may come from the observation 
that a certain number of patients with con- 
genital cataracts do not have a history of 
maternal rubella during pregnancy yet have 
birthdates clustered in the same period of time 
as similarly afflicted patients whose mothers 
did have rubella during pregnancy in an epi- 
demic season.”! Krugman et al.”? and Anderson?* 
have made observations dealing with the 
probability of rubella infections without a 
rash. 

It is of interest that embryologically the 
ductus arteriosus and the pulmonary artery 
are each derived from the artery of the sixth 
branchial arch. Thus, it is not difficult to 
imagine that an insult during the differentiation 
of these structures might result in both an 
abnormal persistence of the patent ductus 
arteriosus and an abnormal evolution of the 
root of the pulmonary artery. 

Clinical Cardiac Findings. The combination 
of patent ductus arteriosus and pulmonic ste- 
nosis results in cardiac findings that should 
allow accurate preoperative diagnosis in the 
majority of instances. Some features of each 
anomaly are present, the most prominent find- 
ings depending on the relative severity of each 
lesion. The machinery murmur is attributable 
to the patent ductus arteriosus as is an accen- 
tuated pulmonic component of tre second heart 


sound, pulmonary vasculature engorgement, 
evidence of left ventricular or left atrial 
hypertrophy, and frequent respiratory infec- 
tions. Similarly, the presence of a rough ste- 
notice systolic murmur and thrill in the second 
left interspace and suprasternal notch with 
maximal intensity during early or midsystole 
reflects the presence of pulmonic stenosis, es- 
pecially if combined with a pulmonary closure 
of diminished intensity, a xiphoid cardiac 
impulse, and radiologic or electrocardiographic 
evidence of right ventricular hypertrophy. 

A few patients have been observed in our 
clinic who presented a history of maternal 
rubella during pregnancy, whose birthdates 
have fallen between October and March, and 
who have had noncardiac anomalies similar to 
those described herein yet have been shown to 
have patent ductus arteriosus in association 
with pulmonary vascular obstruction without 
pulmonic stenosis. One similar patient had a 
patent ductus arteriosus with a stenotic mur- 
mur in the second right interspace and no 
gradient across the pulmonic valve at catheter- 
ization. She was presumed to have aortic 
stenosis; operation was not performed. In some 
instances these patients may be clinical 
diagnostic problems requiring catheterization 
to enable differentiation from patent ductus 
arteriosus and pulmonic stenosis. Careful 
physical examinations, however, reveal that 
pulmonary hypertension muy usually be recog- 
nized by a markedly accentuated pulmonic 
second sound. The continuous murmur is 
absent if pulmonary vascular obstruction is 
severe. The presence of a stenotic murmur 
heard best to the right of the sternum and 
under the right clavicle leads to a suspicion of 
aortic stenosis. 

Pathologic Prysiology. For practical purposes 
the 2 anomalies discussed may be considered 
independent burdens on the 2 sides of the heart. 
The presence of a patent ductus arteriosus in- 
creases the volume work of the left ventricle 
and the left atrium without causing significant 
changes in intracardiac pressures. Pulmonary 
stenosis, on the other hand, increases systolic 
ejection pressure of the right ventricle without 
affecting the volume of blood passing through 





240 


unless there is severe stenosis and right ven- 
tricular failure. 

Certainly the 2 lesions will not compensate 
for each other. In pulmonic stenosis without a 
right-to-left shunt, a patent ductus would 
merely recirculate fully oxygenated blood 
through the lungs and cause increased left 
ventricular work without alleviating right 
ventricular obstruction, improving cardiac 
output, or promoting peripheral oxygen 
transport. Therefore, in the patients described, 
there existed the usual indications for division 
of the patent ductus arteriosus plus the addi- 
tional possibility of somewhat decreasing the 
work of the hypertensive right ventricle by 
decreasing pulmonary artery pressure. 

Treatment. The need for surgical correction 
of each defect should be considered on the 
basis of the severity of the lesion and the 
operative risk. 

Division of the patent ductus arteriosus 
a safe surgical procedure—is recommended in 
all instances where a_ sizable left-to-right 
shunt is present. 

If the existence of a significant degree of 
pulmonary stenosis is suggested by the clinical 
and electrocardiographic findings, cardiac 
catheterization should be performed preopera- 
tively to determine more exactly the degree of 
obstruction caused by the stenotic lesion. If 
the gradient across the valve is great in rela- 
tion to flow, or if right ventricular pressure 
exceeds 100 mm. Hg at rest, the patient should 
be considered a candidate for repair of both 
the patent ductus and the pulmonic stenosis. 
Frequently the risk of a combined operation 
on the 2 lesions may be less than that of 2 
separate surgical interventions. Allowance 
should be made, however, for the possibility of 
lowering pulmonary arterial and even right 
ventricular pressures merely by ligating the 
ductus. It should be pointed out, also, that 
catheterization data do not provide the only 
basis for deciding upon valvotomy. Other 
factors are heart size (especially cardiomegaly 
not attributable to flow through the patent 
ductus), severity of righ ventricular hypertro- 
phy as indicated by the electrocardiogram, 
clinical evidences of right ventricular failure, 
and the presence of symptoms. 
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SUMMARY 


Six patients with the combination of patent 
ductus arteriosus and pulmonic stenosis are 
presented. All of these children have been 
found, in addition, to have several noncardiac 
anomalies, including mental retardation, micro- 
cephaly, congenital cataracts, nystagmus, 
retinal degeneration, strabismus, and deaf- 
mutism. The identity of these anomalies with 
those seen in offspring after pregnancies com- 
plicated by rubella is suggestive of a common 
etiologic factor. The gestation of at least 2 of 
these patients was complicated by known 
rubella. 

The coexistence of patent ductus arteriosus 
and pulmonic stenosis is usually recognizable 
clinically without angiocardiograms or cardiac 
catheterization. This combination of defects 
should be considered in patients with the diag- 
nosis of either patent ductus arteriosus or pul- 
monic stenosis resulting from a pregnancy 
complicated by rubella, or in the presence of 
noneardiac defects of the type described. The 
clinical profile also includes delivery at full 
term with less than usual birth weight, a mur- 
mur audible in early infancy, and slow weight 
gain and linear growth. Cardiac examination 
usually reveals a wide pulse pressure, a con- 
tinuous murmur in the second left interspace, 
and a separate rough systolic murmur and 
thrill maximal in the pulmonic area and supra- 
sternal notch, with good transmission to the 
neck and back. Electrocardiograms show right 
ventricular hypertrophy or incomplete right 
bundle-branch block, sometimes in combina- 
tion with left ventricular hypertrophy. Radio- 
logic examination shows moderate cardiomeg- 
aly involving both ventricles and usually the 
left atrium, with engorged pulmonary vas- 
culature. 

Division of the patent ductus is recom- 
mended in each instance. Patients with evi- 
dence of a significantly increased right ventricu- 
lar work load should have preoperative 
cardiac catheterization to determine the need 
for simultaneous valvotomy. 
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SUMMARIO IN INTERLINGUA 


Es presentate 6 patientes pediatric con le 
combination de patente ducto arteriose e 
stenosis pulmonic. In omnes esseva trovate in 
plus un o plure anormalitates noncardiac, 
incluse retardation mental, microcephalia, 
‘ataractas congenite, nystagmo, degeneration 
retinal, strabismo, e surdemutismo. Le iden- 
titate de iste anormalitates con le anormali- 
tates vidite in prole post pregnantias compli- 
‘ate per rubella suggere le presentia del mesme 
factor etiologic in le duo situationes. Le gesta- 
tion de al minus 2 del presente patientes es- 
seva complicate cognoscitemente per un epi- 
sodio de rubella. 

Le coexistentia de patente ducto arteriose e 
stenosis pulmonic es usualmente recognoscibile 
per medios clinic sin recurso a angiocardio- 
grammas o catheterisation cardiac. Iste com- 
bination de defectos debe esser suspicite in 
patientes con le diagnose de o patente ducto 
arteriose 0 stenosis pulmonic como resultato 
de pregnantia complicate per rubella o in le 
presentia de defectos noncardiac del typo 
describite. Le profilo clinic include etiam par- 
turition a termino con peso natal infra le 
norma, un murmure audibile in le prime in- 
fantia, e lente augmentos de peso e de statura 
linear. Le examine cardiac revela usualmente 
un large pression de pulso, un murmure con- 
tinue in le secunde interspatio sinistre, e un 
separate e aspere murmure e fremito systolic 
que attinge su maximo in le area pulmonic e 
del incisura suprasternal con bon transmis- 
sion verso le nucha e le dorso. Electrocardio- 
grammas revela_ hypertrophia dextero-ven- 
tricular o incomplete bloco de branca dextere, 
a vices in combination con hypertrophia sinis- 
tro-ventricular. Le examine radiologic monstra 
moderate grados de cardiomegalia in ambe ven- 
triculos e usualmente le atrio sinistre, con 
constipation del vasculatura pulmonar. 

Le division del patente ducto arteriose es 
recommendate in omne tal casos, Patientes con 


manifestationes de un augmento significative 
del labor dextero-ventricular debe esser sub- 
jicite a catheterisation cardiac pro determinar 
le necessitate del simultanee execution de 
valvotomia. 
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It is postulated that hypertension in both sexes is one of several factors involved in atherogene- 
sis, atherosclerosis, and the causation of coronary occlusion and myocardial infarction. Other 
factors in these processes presumably are diabetes mellitus, certain disturbances in lipid metabo- 
lism, and the sex hormones. Until the menopause, women enjoy a fair degree of protection from 
atherosclerosis and from the accelerating effects of hypertension on atherogenesis. After meno- 
pause the number of coronary occlusions associated with, and presumably causally related to, 
hypertension approaches and eventually equals the number observed in men of similar age. There- 
fore, the hypertensive factor is presumed to be of equal absolute importance in both sexes. Because 
other factors operate additionally in the male to accelerate atherogenesis and to cause coronary 
occlusions, hypertension is of relatively less importance in the male. The positive correlation 
between hypertension and the incidence of coronary occlusion should be considered, among other 
factors, in deciding whether a patient with hypertension should receive hypotensive therapy. 
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Clinicopathologic Correlations of Renal Biopsies 
in Hypertension with Pyelonephritis 


By JoserpH C. Merriam, M.D., SHELDON C. Sommers, M.D., 
AND ReGinaLpD H. Smiruwick, M.D. 


Analysis has been made of the responses to sympathectomy for hypertension and certain 
other aspects of 120 cases whose renal biopsies showed pyelonephritis as well as arteriolar 
nephrosclerosis. The sex incidence, mortality, average diastolic blood pressures, and post- 
operative kidney function tests differed from findings in a larger hypertensive group without 


pathologie evidence of pyelonephritis. 


P gag of clinicopathologie correla- 
tions of hypertensive patients under- 
going sympathectomy at the Massachusetts 
Memorial Hospitals has recently been re- 
ported! that was concerned with renal biop- 
sies and clinical follow-up data of the 1- to 
9-year period after operation. The majority 
of the renal biopsies were diagnosed as ar- 
teriolar nephrosclerosis. The previous re- 
port dealt with this majority. In addition 
clinically undiagnosed chronic pyelonephri- 
tis was found in 13.5 per cent of the total of 
about 1,700 renal biopsies. In this paper 
these cases of chronic pyelonephritis are dis- 
cussed from the viewpoints of clinical find- 
ings and prognosis, comparing them with the 
cases of pure nephrosclerosis previously re- 
ported. 


MAYERIALS AND METHODS 


Case records were available of 120 hypertensive 
patients who had undergone sympathectomy at the 
Massachusetts Memorial Hospitals between 1947 
and 1956, and whose renal biopsy, performed at 
the time of operation, included the diagnosis of 
chronie pyelonephritis. Twelve patients had _bi- 
lateral biopsies, the remaining 108 had a_ biopsy 
of only 1 kidney. The biopsies averaged about 6 
by 5 by 4 mm., were composed of kidney cortex, 
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and were removed in a manner previously describ- 
ed by Castleman and Smithwick.’ Pathologie 
alterations of the glomeruli, juxtaglomerular ap- 
paratus, tubules, stroma, and blood vessels were 
recorded for each specimen without knowledge 
of the patient’s identity or status, or whether 
multiple biopsies had been taken. 


Criteria for Diagnoses 

The presence of chronic pyelonephritis in these 
biopsies was recognized by finding irregular sears, 
dilated tubules containing colloid protein casts, 
and plasma cells mingled with other leukocytes 
in the stroma (fig. 1). The most important single 
criterion was the presence of plasma cells. If 
regions of dilated tubules containing colloid casts 
were seen and no plasma cells could be found, a 
diagnosis of healed pyelonephritis was made (fig. 
2). There were 17 such cases in the total group 
of 120 eases. If pus casts and polymorphonuclear 
leukocytes were seen in 1 or more tubules, in 
addition to evidences of chronic pyelonephritis, 
acute and chronic pyelonephritis was diagnosed ; 
3 of the 120 cases fell in this group. 

These criteria agree well with histopathologic 
findings reported both in human autopsy and in 
experimental animal material.*” Bacteriologie eul- 
tures of the biopsies were not done. 

As reported in the previous paper, the vessels 
in each biopsy were also studied and the degree 
of arteriolar sclerosis was graded as grades I, II, 
or IIT. Negative arterioles showed no alteration, 
grade-I arteriolar sclerosis indicated minor loeal- 
ized thickenings of the vessel walls, grade II re- 
ferred to a thickened wall equal to the diameter 
of the arteriolar lumen, and grade-III sclerosis 
meant that the wall thickness exceeded the diam- 
eter of the lumen. There were 2 grade-O, 12 
erade-I, 96 grade-II, and 10 grade-III cases 
among the 120 cases. Thus 80 per cent of the 
eases of chronic or healed pyelonephritis had an 
associated moderate (grade-II]) arteriolar sclero- 
sis. 
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Fig. 1. Left. Example of a kidney biopsy with severe chronic pyelonephritis and grade-IT arterio- 
lar sclerosis of the vessels in center of the illustration. Parenchymal atrophy, interstitial sear tis- 
sue, and abundant leukocytes are evident. H & E, x 125. 


Fig. 2. Right. Foeus of healed pyelonephritis with scarring, renal parenchymal atrophy, and a 


large colloid cast in a dilated tubule. Grade-IT arteriolar sclerosis is shown. This biopsy .elsewhere 
showed acute and ehronie pyelonephritis. PAS, « 125. 


Twelve patients had bilateral renal biopsies. 
Five of these patients had the same diagnosis on 
each biopsy, the other 7 differed either by 1 grade 
of sclerosis, or by a diagnosis of chronic pyelo- 
nephritis on one side, and healed pyelonephritis 
on the other. For purposes of grouping, these 
patients were placed in the lower grade of arteri- 
olar sclerosis, and in the group of chronic pyelo- 
nephritis. None of the 12 cases with bilateral 
biopsies was considered to show only a unilateral 
pyelonephritis. 

RESULTS 

Of the total 120 patients, 73 or roughly 
60 per cent were male. In the larger series of 
cases that showed arteriolar sclerosis alone, 
on the other hand, there was a slight pre- 
ponderance of females, 53.5 per cent. 

The age and sex distributions of the 120 
cases were as follows: In the age-range of 
19 to 29 years, 5 patients, 3 male and 2 
female; 29 to 39, 28 patients, 15 male and 
13 female. In the age-range 39 to 49, 58 
patients, 37 male and 21 female. In the 
age-range 49 to 60 (the oldest patient was 
60 at operation), 29 patients, 18 male and 
11 female. 

Survival for 5 years after operation for 


each grade of arteriolar sclerosis accompany- 


ing pyelonephritis is charted in figure 3. Over- 


all survival at 5 years, for the 75 patients 
followed that time or longer, was 64 per cent. 
There were only 3 patients with severe 
(grade III) arteriolar sclerosis, of whom 1 
was alive after 5 years. Twenty patients fol- 
lowed for 10 years or more had a survival 
rate of 65 per cent at the end of 10 years 
(fig. 4). The mortality for the hypertensive 
patients who had the added factor of chronic 
or healed pyelonephritis was somewhat high- 
er than those in the previous study, in which 
there was approximately a 90 per cent 5-year 
survival for all arteriolosclerotic groups ex- 
cept grade III. 

As in the previous study, a preoperative 
diastolic blood pressure level was defined as 
the lowest value obtained in the recumbent 
patient, and the average pressure was com- 
puted for each of the vascular grades I, IT, 
and III. In table 1 are seen the average di- 
astolic pressures, and number of patients 
used to compute the averages. For compar- 
ison, figures from the previous paper are 
included. By the statistical ‘‘t-test,’’ the 
difference between grade I and II average 
pressures in the group with pyélonephritis 


is not significant. The differences in cases 
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Fic. 3. Relation between grades of arteriolar 


selerosis in kidney biopsies and survival. 
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Fic. 4. Survival of cases followed for 10 years 
after sympathectomy. 
with pyelonephritis between grade I or II 
and III average diastolic pressures, however, 
are significant. Also for each vascular grade 
there was a significantly higher average di- 
astolie pressure in the presence of pyelo- 
nephritis. 

The so-called ‘‘Smithwick groups’”® offe: 
another method of comparing the biopsy in- 
terpretations with the preoperative clinical 
evaluations. These are 6 groups into which 
patients are classed, during the preoperative 
workup, according to factors of age, diastolic 
blood pressure level and its response to se. 
dation, eyeground observations, renal fune- 
tion, and cardiae and cerebrovascular status. 
The over-all clinical evaluation then falls in- 
to 1 of 6 groups, with the comparatively 
early and mild cases being assigned to groups 
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TABLE 1.—Average Diastolic Blood Pressures 


in mm. Hg 


Arteriolar 


4 Pyelonephritis aud 
Grade selerosis only arteriolar sclerosis 
~. 100.3 (100 eases) 111.5 (12. eases) 
Ul 109.6 (100 eases) 115.3 (96 eases) 
III 122.1 ( 29 eases) 133.4 (10 eases) 





TABLE 2.—Clinical Hypertensive Groups Compared 
with Kidney Biopsy 


Pyelonephritis and - Group 


arterioloselerosis 


Grade I (12 eases) 
Grade II (95 eases) 

Grade IIT (10 eases) 

Total 117 cases 

1 and 2, and the most severe and advanced 
hypertensive disease to group 6. In table 2 
are presented data of 117 of the cases of 
pyelonephritis, comparing the preoperative 
Smithwick group with the grade of arteriolar 
sclerosis. 

As compared to the results of analysis of 
the noninfected nephrosclerotic cases in the 
previous paper, the following distinction 
may be pointed out. More than half of the 
117 cases of chronic pyelonephritis fell into 
the more ‘‘severe’’ groups of 4, 5, and 6, 
whereas only one quarter. of the purely 
nephrosclerotic cases were in groups 4, 5, 6. 


Postsympathectomy Follow-up 

EKighty-three patients have been followed 
for 5 years or more after sympathectomy. Of 
these, 50 have had rather thorough follow-up 
studies from 1 to 10 years after operation. 
We wish to report some of the follow-up 
studies, and to compare them with studies 
reported in the previous paper. 

The postoperative response of diastolic 
blood pressure has been analyzed according 
to Smithwick’s criteria.‘ The 50 pyelo- 
nephritiec patients in this respeet did about 
as well as the pure nephrosclerotic group, 
since approximately one third of the pyelo- 
nephritie and the nephrosclerotic groups 
each fell into grades I to III of postsym- 
pathectomy response. 

Grading of retinal vascular changes (Keith- 
Wagener) was compared before and after 





MERRIAM, SOMMERS, AND SMITHWICK 


TABLE 3.—Phenolsulfonphthalein Excretion (per cent) 


Normal 


Nephrosclerosis (265 cases) 


Chronie pyelonephritis (50 cases) 


operation for both the pyelonephritie and the 
pure nephrosclerotic groups of patients. The 
incidence of hypertensive retinopathy of 
grades III and IV was 45 per cent in the 
pyelonephritis series as opposed to 24 per 
After 
pyelonephritie — series 
showed an incidence of 46 per cent of im- 
provement in the eyegrounds 


cent in the nephrosclerotic group. 
sympathectomy — the 


which com- 
pares almost exactly with the figure of 48 
per cent improvement reported previously for 
the nephrosclerotic series. 

Thus both series did roughly equally well 
postoperatively with respect to lowering of 
blood 


grounds. 


pressure and improvement in eye- 

An attempt was also made in the previous 
paper to assess kidney function in terms of 
the phenolsulfonphthalein test before and 
after operation. Because of the relatively 
few (50) cases of pyelonephritis that were 
observed for 5 years, all of the cases were 
pooled, and the data obtained compared to 
the total data of the nephrosclerotic series. 

As compared with the  nephrosclerotic 
series, the pyelonephritic series showed a 
trend toward greater severity of renal im- 
pairment in more patients, and a less fre- 
quent improvement of the renal function 
after sympathectomy. 

Also in contrast to the series of nephro- 
sclerotic patients, in which only 3. patients 
had nonprotein nitrogen serum values of 
over 45 mg. per cent preoperatively and all 
improved after sympathectomy, in the pyelo- 
nephritie series 10 out of 120 patients had 
serum nonprotein nitrogen levels of over 45 
mg. per cent. Only 1 of these patients im- 
proved postoperatively, and 7 died of uremia 
within 2 years. 

Thirty-three patients with hypertension 
and pyelonephritis have died altogether, 12 


Preoperative 


Postoperat ive 
Impaired Same 
Sl. Mod. Mked. 
; 7 4 10 69 18 
: 8 14 54 18 28 


Improved Worse 


» 
5 


of uremia, 10 of cerebrovascular accidents, 6 
of myocardial infarct, and 1 each of rup- 
tured aorta, cancer of the bladder, acute en- 
teritis, and congestive heart failure. Autop- 
sies were performed in 7 cases at the Mas- 
sachusetts Memorial Hospitals. Studies of 
their kidneys post mortem showed good gen- 
eral agreement between the biopsy and the 
autopsy kidney findings, except in 1 case, in 
which no obvious stigmata of chronic or 
healed pyelonephritis, or of arteriolar scle- 
rosis, were found at autopsy in a woman pre- 
viously diagnosed by biopsy as_ having 
chronic pyelonephritis and grade I arteriolar 
sclerosis (figs. 5 and 6). 


DiscuSssION 

This investigation was undertaken to see 
whether there were any differences in the 
clinical evaluation, course, and prognosis of 
2 series of sympathectomized hypertensive 
patients, one group in which renal biopsies 
showed only arteriolar nephrosclerosis, and 
the other group with arteriolar sclerosis and 
the additional factor of chronic pyelonephri- 
tis. It must be emphasized again that these 
cases of pyelonephritis were diagnosed path- 
ologically by biopsy, and that practically 
none of these patients had been previously 
recognized clinically as having chronie pyelo- 
nephritis. Exhaustive investigation into 
their past histories was not done, but the im- 
pression was gained from the available rec- 
ords that few of these patients were aware 
of any previous episode of kidney infection.* 

In comparing the 2 series of noninfected 
and infected cases, an obvious associated fac- 
tor in the study is the much larger propor- 
tion in the nephrosclerotic group of cases 
diagnosed as grade-I nephrosclerosis. The 
total group of pure nephrosclerotie cases rep- 
resented nearly an equal mixture of grade-] 
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Fic. 5. Left. Portion of kidney biopsy, with a dilated tubule containing colloid material and 
leukocytes, as well as an interstitial leukocytie infiltration including plasma cells Grade-I arterio- 


lar sclerosis was present. H & E, X 750. 


Fic. 6. Right. Autopsy specimen of kidney, from the same 42-year-old woman as figure 5, ob- 
tained the same year as the biopsy, following death from cerebral thrombosis. The shallow super- 
ficial sear shown was the only suggestion of previous pyelonephritis. H & E, x 125. 


arteriolar sclerosis with much smaller num- 
bers of the other grades, whereas 80 per cent 
of the pyelonephritic cases were classed as 
grade-II arteriolar sclerosis. This disparity 
might influence differences already pointed 
out, such as the increased mortality with 
pyelonephritis, the relatively larger number 
of patients present in the less favorable 


Smithwick clinical groupings preoperatively, 
the increased incidence of higher grades of 
retinopathy, or the decreased likelihood of 
postoperative improvement in impaired renal 
funetion in the pyelonephritie groups, as com- 
pared to the nephrosclerotic group. Never- 
theless, the factor of differing grades of vas- 


cular sclerosis between grades I and IT alone 
was shown in the previous paper to have 
been of little importance in terms of the 
survival, postoperative response, eyeground 
changes, and phenolsulfonphthalein exere- 
tion. 

That a slight majority of males over fe- 
males was found in the chronic pyelonephritis 
group is surprising, in view of the fact that 
chronic pyelonephritis is supposed to be 
much commoner among females than males. 

The pathogenetic relationship of the pye- 


lonephritis to the hypertension is obseure, 
and this paper does not pretend to illuminate 
the mystery. Lately there has been renewed 
interest in the possibility that unilateral kid- 
ney infection or ischemia may cause hyper- 
tension that is curable by nephrectomy. Smith® 
estimated that less than 2 per cent of all 
patients with diastolic hypertension can be 
helped by renal surgery. One patient of the 
120 undergoing sympathectomy also had a 
removal of an atrophic, chronically infected 
kidney, and 4 years later showed a grade-I 
operative response with reduction in the dia- 
stolic blood pressure of 20 mm. Hg or more, 
and below 90 mm. This patient’s biopsy 
from the opposite kidney showed chronic 
pyelonephritis and arteriolar sclerosis, grade 
II. Four other atrophic kidneys were -re- 
moved in the series, but these patients had 
incomplete follow-up studies. 


SUMMARY 


Renal biopsies from 120 cases of hyperten- 
sion taken during sympathectomy were diag- 
nosed pathologically partly as chronic pyelo- 
nephritis. Clinical comparisons were made 
with a larger series of hypertensive patients 
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whose biopsies did not demonstrate pyelo- 
nephritie infection. The pyelonephritic series 
had a somewhat increased mortality, signifi- 
cantly higher average diastolic blood pres- 
sures for the same grades of arteriolar 
sclerosis, and did not show as frequent im- 
provement of impaired kidney function post- 
operatively as the purely nephrosclerotic 
group. Approximately one third of each 
series responded with a lowering to normal 
levels of the diastolic blood pressure after 
sympathectomy, and nearly one half showed 
a postoperative improvement in the hyper- 
tensive retinopathy. 


SuMMARIO IN INTERLINGUA 

Biopsias renal ab 120 casos de hyperten- 
sion, obtenite durante sympathectomia, sup- 
portava in parte le diagnose pathologic de 
pyelonephritis chronic. Comparationes clinic 
esseva facite con un plus grande serie de 
patientes hypertensive in qui le biopsias non 
demonstrava le presentia de infection pyelo- 
nephritic. Le serie pyelonephritic mon- 
strava un leve augmento del mortalitate e 
significativemente plus alte valores medie del 
pression de sanguine diastolic pro le mesme 
grado de sclerosis arteriolar sed attingeva 
minus frequentemente un melioration del 


dysfunction renal post le operation que le 


serie purmente nephrosclerotic. Cirea un 
tertio del patientes in ambe gruppos respon- 
deva al sympathectomia per le redescendita 
a nivellos normal del pression de sanguine 
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diastolic, e quasi un medietate monstrava un 
melioration post-operatori in le retinopathia 
hypertensive. 
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Corrected Transposition of the Great Vessels, 
Atrioventricular Heart Block, and Ventricular Septal Defect 


A Clinical Triad 


By Werwpon J. WALKER, CoLONEL, M.C., Denton A. Coo.ry, M.D.., 
Dan G. McNamara, M.D., AND Ropert H. Moser, Masor, M.C. 


Three cases with the triad of ventricular septal defect, atrioventricular heart block, and cor- 
rected transposition of the great vessels are presented. In each instance the patient suc- 
cessfully underwent open heart surgery on the pump-oxygenator for closure of the ventrie- 
ular septal defect. A review of the literature suggests a frequent association of these 3 con- 
genital anomalies. In our experience atrioventricular heart block is rarely encountered with 
simple ventricular septal defect. The finding of atrioventricular heart block in a patient 
with an interventricular septal defect warrants consideration of an associated corrected 


transposition of the great vessels. 


Ce transposition of the great 
vessels is a rare anomaly in which the 
root of the aorta arises anterior to the 
pulmonary artery, yet each major vessel re- 
ceives blood from its ‘‘correct’’ ventricle, 
(the aorta from the left ventricle, the pul- 
monary artery from the right). As_ illus- 
trated in figure 1, the main pulmonary artery 
fails to arch in front of the aorta in the nor- 
mal manner, and the left pulmonary artery 
passes behind the ascending aorta. Figure 2 
illustrates the medial displacement of the 
cardiac catheter as it passes through the 
main pulmonary artery in corrected trans- 
position. In complete transposition of the 
great vessels the position of the major trunks 
is similarly altered but they originate from re- 
versed ventricles, the aorta from the right, 
ind the pulmonary artery from the left 
ventricle. 

We are reporting 3 cases that represent 
‘ombinations of defects that have been re- 
ported previously but whose association has 
not been stressed, namely ‘‘corrected trans- 
position’’ of the aorta and pulmonary ar- 
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tery, ventricular septal defect, and congeni- 
tal atrioventricular heart block. The diag- 
nosis was confirmed in all patients at open 
heart surgery on the pump-oxygenator. All 
demonstrated a gratifying clinical response 
after closure of their ventricular septal de- 
feets. 
CasE REpoRTs 

Case 1. A 10-month-old white boy was the 
product of a gestation that was unremarkable 
except for fetal bradycardia (70 to 80/minute) 
detected during the seventh month of pregnancy. 
At 11 weeks of age the infant was admitted to 
Brooke Army Hospital following treatment for 
pneumonia and congestive failure at another hos- 
pital. Examination revealed a small, feeble baby 
with a pulse rate of 64 and a respiratory rate of 
60, but without cyanosis. There was severe pec- 
tus excavatum. Oxygen saturation on an ear ox- 
imeter reading was 97 per cent. Cardiae fluoros- 
copy revealed increased pulmonary vascularity 
and combined ventricular enlargement. An elee- 
trocardiogram revealed complete atrioventricular 
block (fig. 3). 

The infant did poorly, with recurrent conges- 
tive failure and repeated pulmonary infections. 
Cardiae catheterization on October 23, 1956, 
showed a right-to-left shunt at the ventricular 
level. The pressure in the right ventricle was 
65/0 mm. Hg and 65/20 in the pulmonary artery. 
Systemic arterial blood was 95 per cent saturated. 
On November 27, 1956, there was clinical and 
radiographie evidence of atelectasis of the left 
lower lobe. 

Open heart surgery on the pump-oxygenator 
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Fic. 1. Schematie diagram contrasting the rela- 
tionship between the great vessels in corrected trans- 
position (Top) and the normal heart (Bottom). In 
both instances the pulmonary artery and aorta re- 
ceive blood from the ‘‘correct’’ ventricle. Draw- 
ings by George Thomas. 


was performed at the Texas Children’s Hospital 
on December 20, 1956. Exploration revealed a 
corrected transposition and a ventricular septal 
defect 2 em. in diameter located high in the sep- 
tum behind the right atrioventricular valve. This 
was closed by figure-of-8 sutures. The patient 
tolerated the procedure well and had an unevent- 
ful postoperative course. At the time of discharge 
10 days after surgery, the murmur was inaudible. 
Continued improvement was noted on follow-up 
examination 2 months later. 

Case 2. This 13-year-old white girl was the 
product of a gestation complicated by repeated 
episodes of threatened abortion during the first 
trimester. Cyanosis was observed in the immedi- 
ate postnatal period and a murmur was detected 
at 3 months of age. In the first 3 years, there were 
recurring episodes of respiratory infection, in- 
cluding 5 bouts of pneumonia in 1 year. During 
this period the patient manifested continuous cy- 


anosis and had frequent “attacks” characterized 
by syneope and more severe cyanosis. 

At age 8 cardiae catheterization was thought to 
demonstrate a single ventricle with transposition 
of the great vessels. Arterial oxygen saturation 
was 86 per cent. During the following 4 years 
her general condition improved. She was no 
longer cyanotic and had increased exercise toler- 
ance, 

Physical examination revealed a child of slen- 
der build, weighing 56144 pounds. There was 
questionable cyanosis of the fingers and _ toes, 
with slight clubbing. The ventricular rate was 
60 per minute. The electrocardiogram showed 
complete heart block (fig. 4). Fluoroscopy show- 
ed marked cardiomegaly with a globular configura- 
tion of the heart and increased pulmonary vas- 
cularity without hilar dance. The pulmonary 
artery segment was not prominent (fig. 5). An 
oximeter reading was 95 per cent. 

Cardiae catheterization revealed a large ven- 
tricular septal defect with predominantly left-to- 
right shunt. There was an increase from 61 per 
cent to 80 per cent saturation of blood from the 
right atrium to the right ventricle; femoral ar- 
terial blood saturation was 95 per cent; right 
ventricular pressure was 115,10 mm. Hg. 

At operation there was corrected transposition 
of the great vessels and a 3-em. defect high in the 
membranous septum. The defect was repaired. 
The patient tolerated the procedure well and 
there was a demonstrable reduction in pulmo- 
nary artery pressure after closure of the defect. 
The patient has continued to do well after dis- 
charge from the hospital. 

Comment. The progressive decrease in cyanosis 
and improvement in exercise tolerance during 
several years prior to surgery will be the subject 
of a later report following postoperative catheteri- 
zation, since it raises the question of possible 
cardiac surgery at a later date in cyanotic chil- 
dren with septal defects. In the past cyanosis 
has been considered to represent an irreversible 
process of increased pulmonary vascular change. 
This child had well-documented persistent eyano- 
sis until 8 vears of age. Then her cyanosis vir- 
tually disappeared and at 12 years of age, pul- 
monary vascular resistance had diminished to the 
point that pulmonary blood flow exceeded systemic 
flow. The child appeared to be benefited by clos- 
ure of her ventricular septal defect. 

Case 3. This 6-year-old white boy had a known 
cardiac murmur at 5 weeks of age. He was dys- 
pneic on exertion. Physical examination revealed 
him to be well developed and nourished and 
without cyanosis. There was slight bulging of 
the left anterior chest wall. The electrocardiogram 
revealed incomplete atrioventricular block with 
intermittent dropped beats (fig. 6). Roentgeno- 
grams and fluoroscopy revealed an enlarged globu- 
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Fig. 2. Position of the eardiae catheter in the normal heart (Left) compared with that in 
corrected transposition (Right). In each ease the catheter tip lies in the right pulmonary artery. 
The more medial position of the pulmonary outflow tract in corrected transposition can be seen 
by the relatively greater distance from the catheter to the left border of the cardiae silhouette. 


lar heart with increased pulmonary vascular mark- 
ings. Cardiac catheterization showed a_left-to- 
right shunt at the ventricular level and pulmonary 
hypertension (90/50 mm. Hg). On November 27, 
1956, the ventricular defect was closed. The pa- 
tient was noted to have corrected transposition of 
the great vessels. During the early postoperative 
period transient atrioventricular dissociation was 
observed. On the third postoperative day the pa- 
tient developed abdominal distention and _ liver 
enlargement, but there was prompt improvement 
following the administration of digitalis and mer- 
curial diuretics. The patient was discharged from 
the hospital in good condition on December 16, 
1956. 


DIscuUSssION 

Corrected transposition is a rare anomaly. 
Abbott in 1936! reported a total of 6 cases in 
her series of 1,000 congenital defects. Con- 
siderable difference of opinion has been ex- 
pressed by anatomists and embryologists con- 
cerning the nature and evolution of this de- 
feet. This is rather extensively reviewed by 
Bremer,? Harris and Farber,? Lev and 
Saphir,* and Cardell.® It must be understood 
that the term corrected transposition refers 
to a functional 


‘*correction.’’ 


Despite the 
varieties of transposition and inversion that 
he great vessels, atria, and ventricles may 
indergo, the end result is that the aorta re- 
‘eives oxygenated blood and the pulmonary 
irtery receives systemic venous blood. Car- 
lell® cites 8 different anatomic combinations 
that may occur in corrected transposition. 

In the usual form of corrected trans- 
position the aorta arises anterior and to the 


left of the pulmonary artery. The left ven- 
tricle is continued upward and anteriorly 
into a short infundibular portion from which 
the aorta arises. There is no infundibular 
portion of the right ventricle and the pul- 
monary artery arises directly from the base 
of this ventricle in close proximity to the 
usual location of membranous ventricular 
septal defects. As pointed out by Edwards,® 
‘The architecture of the right ventricle re- 
sembles that of a normal left ventricle and, 
conversely, that of the left-sided ventricle 


resembles the architecture of a normal right 
ventricle. The right atrioventricular valve in 
corrected transposition resembles a normal 
mitral valve in its structure, whereas the left 
atrioventricular valve structurally resembles a 


normal tricuspid valve.’’ The left-sided tri- 
cuspid valve is frequently deformed and _ in- 
competent in corrected transposition. The 
aorta and pulmonary artery arise side by 
side without the normal spiraling and the 
left pulmonary artery passes posterior to 
the ascending aorta. Functionally corrected 
transposition is compatible with 
longevity. 


normal] 
It is the frequently associated 
anomalies that cause the morbidity and mor- 
tality in this disease. 

In 1956 Cardell® reviewed the literature 
on corrected transposition and reported a 
case with corrected transposition, ventricular 
septal defect, and 2:1 atrioventricular block. 
In a review of 18 cases of corrected trans- 
position from the literature he reported an 
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Fic. 3. Top. Lead I of the electrocardiogram of case 1. 


Regular atrial rate 157 per minute, reg- 


ular ventrieular rate 93 per minute. The absence of any consistent time relationship between the 


regular P waves and QRS complexes indicates complete atrioventricular block. 


Fig. 4. Bottom. Lead II of electrocardiogram of case 2. Regular atrial rate 143 per minute, reg- 


ular ventricular rate 79 per minute. The absence of any consistent time relationship between the 
regular P waves and QRS complexes indicates complete atrioventricular block. 


equal sex distribution. Duration of life varied 
from 9 days to 46 years (average 14 years). 
Septal defects (atrial or ventricular or both) 
were especially common, and in only 4 cases 
were both septa intact. Only 2 cases had no 
associated anatomic defects, and 1 of these 
had complete heart block. Of the 18 cases 
from the literature with adequate records, 3 
had complete heart block and a fourth 2:1 
A-V block. Helmholz et al.,7 whose paper was 
not included in Cardell’s review, reported 1 
patient with complete heart block who demon- 
strated corrected transposition at catheter- 
ization. In addition these authors reported 6 
cases of corrected transposition studied patho- 
logically. Three of these had associated ven- 
tricular septal defects, 5 had defects of the 
left atrioventricular valve, 3 had anomalous 
insertion of the chordae, and 2 had a left-sided 
Ebstein type of malformation. None of the 
6 cases was reported to have atrioventricular 
block but this was a pathologie rather than 
a clinical study and this information may 
not have been available. Donoso et al.* also 
reported a case not included in Cardell’s re- 
view (case 1 in their report), who had con- 
genital complete heart block, corrected trans- 
position, ventricular septal defect, and atresia 
of the mitral valve. 

In 1933 Yater et al.® gathered 44 examples 


of congenital atrioventricular heart block 
from the literature and reported 1 case of 
congenital complete atrioventricular block 
with ventricular septal defect studied by 
serial sections through the conduction sys- 
tem. Of the 44 cases with atrioventricular 
block, 29 had associated ventricular septal 
defects. Corrected transposition was not 
mentioned in this paper. However, a review 
of figure 4 shows that in the case they re- 
ported the aorta arose anteriorly, and we be- 
lieve it also represents an example of the 
triad. Yater'? and Edwards! have reviewed 
the published photographs and agree that 
this is probably true. 

Keith et al.’ reviewed 44 necropsied cases 
of complete transposition of the great vessels. 
They found patent foramen ovale in all, 
patent ductus arteriosus in 25, ventricular 
septal defect in 18, and atrial septal defects 
in 2. Electrocardiograms were taken in 30 
cases but no comment was made on the pres- 
ence of conduction defects. Kjellberg et al.™ 
presented 8 cases of complete transposition, 3 
with associated ventricular septal defects, 3 
with patent foramen ovale, and 1 with atrial 
septal defect. Electrocardiograms were done 
in 7 instances, but conduction defects were 
not remarked upon. This suggests that com- 
plete transposition of the great vessels is less 
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Fig. 5. Roentgenogram of the chest in case 2. The 
heart is enlarged and globular with accentuated vas 
cular markings and tapering narrow base. This ap- 
pears to be the characteristic configuration of the 
heart in corrected transposition with ventricular sep- 
tal defect. A roentgenogram of case 3 was identical 
in appearance. Case 1 failed to show this configura- 
tion, apparently due to displacement of the heart 
secondary to severe pectus exeavatum., F 


commonly associated with atrioventricular 
block than is corrected transposition. It is 
obvious that in complete transposition, sur- 
vival beyond the immediate postnatal period 
necessitates the presence of a shunt to per- 
mit some of the oxygenated blood to perfuse 
the systemic vessels. This is not essential for 
survival with corrected transposition. How- 
ever, it appears that ventricular septal de- 
feets are equally common in both conditions. 

Although the association of congenital 
heart block with ventricular septal defect 
has been stressed in the past, it should be 
noted that in the 200 cases of interventricu- 
lar septal defect reviewed by Brown" no 
cases of congenital heart block were found. 
Downing and Goldberg! reviewed 100 eases 
of ventricular septal defects. Electrocardio- 
grams were done in 91. There were no in- 
stances of complete heart block, although in- 
complete atrioventricular block was found 
in 38. Kjellberg et al.!® cite 54 cases of ven- 
tricular septal defects with no associated 
complete heart block although 4 presented 


delayed atrioventricular conduction. In nei- 


i 
Fig. 6. Electrocardiogram of case 3. Tracing shows 
incomplete atrioventricular heart block with inter- 
mittent dropped ventricular beats. In leads I, V2 and 


-V, there are uniform QRS complexes, which are ir- 


regular in rate and less frequent-than the P waves. 
In leads II and III the P-R interval is prolonged 
(0.28 second) but all P waves are followed by QRS 
complexes. 


ther series was corrected transposition re- 
ported. 

Of 69 patients operated at the Texas Chil- 
dren’s Hospital for closure of ventricular 
septal defect, 3 had associated corrected 
transposition of the great vessels. All of these 
had associated congenital atrioventricular 
block; this was complete in 2 instances and 
incomplete in 1. One additional patient had 
transposition of the great vessels with a com- 
mon ventricle; this patient did not manifest 
atrioventricular block. Of the remaining 65 
patients with ventricular septal defect and 
normal origin of the great vessels none had 
complete atrioventricular block, only 4 mani- 
fested incomplete atrioventricular block, and 
in only 1 of these did the P-R interval ex- 
ceed 0.20 second. Lillehei!? has also observed 
the association of ventricular septal defect, 
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corrected transposition of the great vessels, 
and complete atrioventricular block. Where- 
as acquired atrioventricular block may be a 
serious complication of open cardiac surgery 
for repair of ventricular septal defects, ex- 
perience indicates that congenital atrioven- 
tricular block is usually well tolerated. 


SUMMARY 

Three cases with the triad of atrioventricu- 
lar heart block associated with ventricular 
septal defect and corrected transposition of 
the great vessels are reported. All cases un- 
derwent open heart surgery on the pump- 
oxygenator for closure of their ventricular 
septal defect. A review of the literature sug- 
vests that atrioventricular heart block is 
associated more frequently with corrected 
transposition of the great vessels and ven- 
tricular septal defect than with isolated ven- 
tricular septal defect or with other con- 
genital anomalies. The finding of congenital 
atrioventricular block in association with 
ventricular septal defect should alert the 
observer to search for corrected transposition 


of the great vessels. 


ADDENDUM 

Dr. Howard B. Burchell of the Mayo Clinic has 
also observed 3 eases of this syndrome and _ be- 
lieves that there is evidence to support the view- 
point that there is sufficient consistency in the 
association of the finding of heart block, corrected 
transposition, and ventricular septal defect to con- 
stitute a clinical syndrome. 


SUMMARIO IN INTERLINGUA 

Xs reportate 3 casos del triada de bloco 
eardiae atrioventricular con defecto ventric- 
ulo-septal e corrigite transposition del grande 
vasos. Omne le casos esseva subjicite a 
chirurgia cardiae aperte, con le oxygena- 
tor-pumpa, pro effectuar clausion del defecto 
ventriculo-septal. Un revista del litteratura 
pare indicar que bloco cardiac atrioventricu- 
lar es associate plus frequentemente con 
transposition corrigite del grande vasos e 
defecto 
ventriculo-septal sol o que con altere anomal- 


defecto ventriculo-septal que con 


ias congenite. Le constatation de congenite 
bloco atrioventricular in association con de- 
fecto ventriculo-septal deberea alarmar le 


L. 


observator a cerear transposition corrigite 
del grande vasos. 
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Reliability of Electrocardiographic Diagnosis of 


Left Ventricular Hypertrophy 


By Artuur SeEuzER, M.D., Cart L. EpnotrHer, M.D., Peter Packarp, M.D., 


ArtTHUR QO. Stone, M.D., anp Jonn E. Quinn, M.D. 


This is an electrocardiographic-pathologie study in which the presence and degree of left ven- 


tricular hypertrophy found at necropsy were correlated with electrocardiographie abnormali- 
ties suggesting the diagnosis of left ventricular hypertrophy. The nonspecificity of some elee- 
trocardiographie findings is emphasized by the occasional erroneous diagnosis of left ventric- 


ular hypertrophy. 


HE diagnosis of ventricular hypertro- 

phy ranks high in importance among 
the various clinical applications of electro- 
cardiography, because electrocardiographic 
alterations may exist without other clinical 
signs of hypertrophy. Such early diagnosis 
of ventricular hypertrophy may be of great 
practical import, since the application of 
many newer medical and surgical methods of 
therapy often depends on the presence or 
absence of ventricular hypertrophy. 

Although a number of criteria for the elee- 
trocardiographie diagnosis of left ventricu- 
lar hypertrophy has been recommended by 
various investigators,’ a recent survey by 
questionnaire® revealed some hesitation on the 
part of several experts in accepting a strictly 
defined set of diagnostic criteria. 

Many excellent studies of clinical and elec- 
trocardiographie correlation of left ventricu- 
lar hypertrophy have been made. However, 
relatively little information is available con- 
cerning autopsy verification of such studies. 
In a recent report, Scott et al.!° examined a 
series of electrocardiograms from patients in 
whom autopsies showed evidence of left ven- 
tricular hypertrophy, in order to assess the 
reliability of electrocardiographie criteria sug- 
gested by various workers. These authors, 
however, investigated only the positive side 
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of the correlation and made no attempt to ex- 
plore the possibility of incorrect, false positive 
electrocardiographie diagnoses. The current 
study was undertaken to provide additional 
electrocardiographic-anatomie correlation and 
to investigate the negative as well as the pos- 
itive aspects of the problem. 


MATERIAL AND METHODS 

The study was based upon routine material 
from the Electrocardiographie department of the 
Veterans Administration Hospital, San Francisco, 
and the routine autopsy material from the files of 
its Department of Pathology, during the period 
of 1948 to 1955. All electrocardiographie tracings 
were taken with the Cambridge string-galvanom- 
eter electrocardiograph with photographic rec- 
ords. Conventional speed (25 mm. per second) 
and sensitivity (1 mv. per em.) were used through- 
out and all measurements were corrected for minor 
deviations in string sensitivity. Twelve-lead elee- 
trocardiograms were taken routinely, including 3 
standard extremity leads, 3 augmented unipolar 
extremity leads, and 6 precordial unipolar leads. 
Autopsies were performed with a uniform technic, 
the gross examination of the heart being carried 
out according to Saphir’s recommendations.” The 
hearts were weighed after postmortem clots and 
the great vessels had been removed. 

The study was organized as follows: (1) All 
patients on whom necropsy was performed and 
who had had an electrocardiogram taken during 
life within the period of 1948 to 1955 constituted 
the basie group of 550 eases. (2) The electro- 
eardiographiec criteria for left ventricular hyper- 
trophy were collected from the literature and were 
grouped into 3 classes (table 1). (3) The 550 
electrocardiographie tracings were reviewed by 2 
observers, who selected records in which criteria 
for left ventricular hypertrophy were met. These 
observers had had no knowledge of the necropsy 
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Author 


Gubner ! 


Schackt 7 


Goldberger 5 


Goulder 8 


Noth 4 


Wilson 2 


TABLE 1.—Electrocardiographic Criteria for Left 


Ventricular Hypertrophy 











Voltage 


R, +583 over 25 mm. 


aVpr neg, over 14 mm. 


aV, : R over 12 mm. 
aVy : R over 19 mm. 


Ravi over 13 mm. 
Ravr over 20 mm.* 


Ravi over 11 mm. 


Ry: 1 mm. or less 

Sy; 24 mm. or more 
Ry; 33 mm. or more 
Ry, 26 mm. or more 


Rya over 11 mm. 
Rvyar over 19 mm.* 
Ry; over 26 mm. 


Ventricular 
activation 
time 


over 0.04 sec. 
for R waves, 
over 0.05 sec. 
for qR waves 


0.05 sec. or more 
in V; or V¢ 
QRS .10 to .11 


sec. 


0.05 sec. or more 
in V; or Ve 


ST, depr. 
T, lowered 


S-T, depr. 
T, low 
Tvs low, inv. 


“Strain’’ ST 
T in aV, or aVy 


* 


T:RinaVi 
less than 10% 


T inverted 
in V; or V¢ 


T upr. in aVRr 
S-T depressed in 
aV1, aVr,* 


Others 


Left axis deviation 
with So 


Long QT in 


aV, or aVy* 


Transitional 
zone to the left 


R/S in V; to 
R/S in V; 
over 100 


Sokolow 6 Rys over 26 mm. 


SvitRvys, 6 over 
35 mm. 








*In the presence of vertical position. 


findings and disregarded the original interpreta- 
tions of the electroeardiograms. A single criterion 
in the classes of inereased voltage and prolonged 
ventricular activation time (table 1) was accept- 
able as a basis for the electrocardiographie diag- 
nosis of left ventricular hypertrophy. However, 
abnormalities of the ST-T part of the ventricular 
complex were not considered specific enough to 
constitute the sole basis for a diagnosis of left 
ventricular hypertrophy and were only accepted in 
combination with 1 or more eriteria from the 
other classes. (4) Of all records in which criteria 
for left ventricular hypertrophy were met, a 
smaller group was selected wherein the diagnosis 
was thought to be uninfluenced by any other fac- 


V; or Vg; 

T low or inv. 

aVL, aVr,* Vs, Ve; 
R : T ratio 

10 to 1 or more, 
V; or V6 











tor. This final group of 108 cases was obtained 
by eliminating all records in which the following 
conditions existed: (a) those in which an unduly 
long time had elapsed between the electrocardio- 
graphie examination and death; (b) those wherein 
a new condition may have developed after the 
last electrocardiographic examination that could 
have affected the postmortem diagnosis of left 
ventricular hypertrophy; (¢) records showing 
electrocardiographic evidence of myocardial in- 
farction, recent or old; (d) records with tachy- 
cardia (over 110 per minute) or complete heart 
block; (e) records of patients with obvious elec- 
trolyte disturbance; (f) records showing possible 
drug effect: an arbitrary 2-week limit had been 
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set between the last dose of a cardiac drug (digi- 
talis, quinidine, or procaine amide) and an ac- 
ceptable electrocardiogram. (5) The autopsy pro- 
tocols of these 108 patients were carefully studied 
and the following data recorded: the total heart 
weight; thickness of each ventricular wall; the 
examiner’s notation regarding chamber enlarge- 
ment; gross or microscopic evidence of infarction 
or scarring; evidence of other myocardial or peri- 
cardial disease; the cause of death and anatomic 
diagnoses; the patient’s weight and height; any 
other factor that may have had some bearing on 
the problem. 

In considering the anatomic criteria for the 
presence or absence of left ventricular hyper- 
trophy, it was decided to rely exclusively upon 
the total cardiae weight. The tables of Zeek” were 
used to calculate the upper limits of normal heart 
weight in relation to total body length. It was 
decided that hearts falling into normal and ab- 
normal weight groups should not be separat<d 
sharply, but divided by a “borderline” zone that 
was arbitrarily established to include all hearts 
falling within plus and minus 25 Gm. of the upper 
limit of normal for a given body length. Thus, 
normal hearts were those weighing less than 25 
Gm. below Zeek’s upper limit of normal. Ab- 
normally heavy hearts were those heavier than 25 
Gm. above that limit. : 

Abnormally heavy hearts were considered as 
showing left ventricular hypertrophy. These were 
divided into 3 groups showing degrees of cardiac 
hypertrophy: lesser degree of hypertrophy, weigh- 
ing less than 450 Gm.; moderate hypertrophy, be- 
tween 450 and 550 Gm.; severe hypertrophy, those 
above 550 Gm. Some of the abnormal hearts 
showed hypertrophy of the right as well as the 
left ventricle. It was considered that a heart in 
which the ratio of left-to-right ventricular wall 
thickness was 3 to 1 or less showed an appreci- 
able degree of right ventricular hypertrophy. 

Initially, the clinical records had not been 
examined and only the principal clinical diagnosis 
was known at the time of the review of the elec- 
trocardiograms. However, in cases wherein left 
ventricular hypertrophy was thought to be absent 
at necropsy, a careful review of the clinical 
records was made in order to determine the pres- 
ence or absence of any clinical evidence of cardiac 
disease or any possible cause for left ventricular 
hypertrophy. 


RESULTS 


The electrocardiographic diagnosis of left 
ventricular hypertrophy was made in 108 
eases; it was confirmed pathologically in 75 
cases, was considered questionable in 16 cases, 
and was not confirmed in 17 cases. In 24 of 


the 108 cases the hearts weighed less than 
the predicted upper limit of normal for body 
length, but 7 of those fell in the borderline 
group. 

Before these 17 cases were accepted as false- 
positive cases, a careful review of clinical rec- 
ords was made. In none of them did the past 
history or final illness suggest a reason for 
left ventricular hypertrophy. Table 2 sum- 
marizes the pertinent clinical information and 
the essential electrocardiographie findings in 
the 17 false-positive cases. It is seen that none 
of the patients died of cardiovascular disease. 
It was furthermore noted that in no case was 
cardiae disease or hypertension present dur- 
ing the period of observation, nor was there 
a history thereof. Pathologic examination re- 
vealed the presence of myocardial scarring in 
4 patients and myocardial metastasis in 1. 
The majority of these patients died of non- 
cardiac malignant tumors and showed emaci- 
ation. 

A review of the electrocardiographie find- 
ings in this group showed that high voltage 
was present in all but 1 case. In addition, 6 
patients showed lesser degree of ST-T ab- 
normalities and 1 showed inversion of T waves 
in leads V4 to V¢. It is noteworthy that of the 
7 patients whose electrocardiograms showed 
ST-T abnormalities, in 4 fibrosis of the myo- 
cardium was demonstrated. Six patients 
showed delayed ventricular activation time in 
leads V; and Vg. 

Thus, 17 patients who had no clinical evi- 
dence of cardiac disease and had no more than 
microscopic or foeal myocardial changes at 
autopsy showed electrocardiographiec evidence 
of left ventricular hypertrophy. 

Table 3 summarizes electrocardiographic 
findings arranged by the 3 groups of criteria 
in the false-positive cases, in the borderline 
group, and in eases with pathologically con- 
firmed left ventricular hypertrophy grouped 
by heart weights. It is seen that high voltage 
was present in all but 7 cases. It is noteworthy, 
however, that the false-positive group shows an 
appreciable number of cases in which high 
voltage was observed both in extremity and in 
precordial leads. The incidence of delayed 
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Autopsy 
diagnosis 


Chorionic 
epithelioma 
Carcinoma of 
left lung 
Carcinoma of 
prostate 
Carcinoma of 
bladder 


Carcinoma of 
parotid gland 





Glioblastoma 


Carcinoma 
of lung 


Carcinoma 
of prostate 


Adenocarcinoma 
of gallbladder 


Sarcoma of 
thigh 


Endothelioma 


Cirrhosis of 
liver 


Astrocytoma 
Lymphosarcoma 


Melanoma 


Subarachnoid 
hemorrhage 


Carcinoma of 
pancreas 


| 
Heart 


weight 
(Gm.) 


170 

















SvitRvs.6 





Criteria for electrocardiographic 
diagnosis of left ventricular hypertrophy 


SV; +RV5.¢ 
aVy 


SV,+RV356 


SV,+RV5,6 


SVi+RV5¢ 


Ri +8; 


Ravi 


Ri +83 
Ravi 


SV1+RV5. 
SV,+RVs6 


Ri +83 
SvitRs5 


Ravi 
SvitRvs6 


Ravi 
Sy 1 + Ry 5.6 


SvitRvs,6 
Ravr 


SvitRvs.6 
SvitRvs,6 


SvitRvs,6 
Ravi 


Incr. voltage 





VAT 





ST-T 


T flat 
V;«& Ve 


S-T depr. 
T inv. V4, 
Vs, Ve 

T flat 
V5.6 


T flat in 
V5.6 





Posit. 


Vv 





Summary of Findings in the Seventeen Cases of the False-Positive Group 


Remarks 


Minor scarring 
LV wall 


Microsc. 
fibrosis L V 


Anter. wall 
focal 
fibrosis 


Left axis 
deviation 


Left axis deviation 


Some myocard. 
scarring 
Myocardial 
metastasis 


VAT, prolonged ventricular activation time; ST-T, abnormalities of the ST-T portion of the 
electrocardiogram; V, vertical; SV, semivertical; I, intermediate; H, horizontal. 
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ventricular activation time in left precordial 
leads does not show a significantly different 
incidence between the negative and the pos- 
itive groups. Abnormalities of the ST-T part 
of the ventricular complexes occur in positive 
and negative cases alike. Lesser degrees of 
such changes (ST depression and flattened T 
waves) show no major difference in incidence 
between the various groups. However, invert- 
ed T waves appear to occur almost exclusively 
in the positive cases. It is noteworthy, how- 
ever, considering the fact that T-wave abnor- 
malities are thought to be late effects of left 
ventricular hypertrophy, that not all of the 
heaviest hearts show T-wave changes and that 
6 of the 40 cases in the heaviest group, which 
is 15 per cent, show essentially normal ST-T 
positions of the electrocardiogram. 

Table 4 was constructed in order to examine 
a possible relationship between left ventricu- 
lar hypertrophy and the position of the mean 
electric axis in the frontal plane. It shows 
the incidence of tracings showing the electric 
positions according to the conventional clas- 
sification of Wilson in the negative group, the 
borderline group, the 3 positive groups, and 
in eases where the ratio of left-to-right ven- 
tricular-wall thickness suggested combined 
ventricular hypertrophy. There appears to 
be only a slight preponderance of a more hor- 
izontal rotation in heavier hearts than in 
lighter and in false-positive cases. The dis- 
tribution of cases in the last column suggests 
that combined ventricular hypertrophy'* 
may have some effect of rotating the mean 
axis into a more vertical position, but this can- 
not be demonstrated in a significant manner 
in this small series. 

Table 5 shows the incidence of single elec- 
trocardiographie criteria compared with com- 
bined criteria. It is noted that electrocardio- 
grams showing more than 1 criteria appear to 
be more reliable in the diagnosis of left ven- 
tricular hypertrophy. A combination of high 
voltage or increased ventricular activation 
time with inversion of T wave appears to be 
the most specific combination for the diag- 
nosis. 


DISCUSSION 


The interpretation of the findings of this 
study has been approached with a great deal 
of caution because of the difficulty in the path- 
ologie definition of what constitutes left ven- 
tricular hypertrophy. The most satisfactory 
method of determining the presence of left 
ventricular hypertrophy is the direct deter- 
mination of left ventricular weight after the 
separation of the musculature of the 2 ven- 
tricles, as suggested by Lewis and others.!® 17 
The time-consuming preparation of such a 
specimen, however, does not permit routine 
use of this method for necropsies outside a 
selected and limited study. Investigation 
based on routine autopsy material can take 
into account either the measurement of the 
thickness of left ventricular wall or the total 
heart weight. Measurement of left ventricu- 
lar wall is the less reliable of the 2 indices 
because of the variability of thickness in vari- 
ous parts of the heart, making comparison 
difficult, and because of unreliability of such 
a measurement in the presence of cardiae dila- 
tation. On the other hand, left ventricular 
musculature accounts for at least 75 per cent 
of the total cardiac weight, so that its hyper- 
trophy will bring the total cardiac weight 
promptly out of the normal range, whereas 
right ventricular hypertrophy would affect 
total weight only in severe cases. In this 
study, in particular, the unlikely possibility 
of isolated right ventricular hypertrophy be- 
ing responsible for increased total heart 
weight is almost entirely eliminated by the se- 
lection of the material, for only cases with 
electrocardiographie evidence of left ventrie- 
ular hypertrophy were included. It was con- 
sidered, therefore, that the most suitable in- 
dex for left ventricular hypertrophy for this 
study was the increase in total cardiae weight, 
with the use of predicted weight values re- 
lated to body length. The elimination of the 
borderline cases served as a better way to sep- 
arate the normal and abnormal. On the other 
hand, the diagnosis of right ventricular hy- 
pertrophy had to depend on the much less 
reliable measurement of its wall thickness. An 
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TABLE 3.—The Distribution of Electrocardiographic Criteria in the Various 
Groups According to Heart Weights 


Negative 
group 


No. of cases 17 


Criteria: 
High precordial voltage 
High extremity voltage 
High voltage, both planes 


Total high voltage 


Prolonged ventricular activation time 


Depressed 

S-T segments and/or flattened T waves 
Inverted 

T waves 


Total ST-T changes 


arbitrary ratio of thickness of the 2 ventricu- 
lar walls of 3 to 1 or less, was accepted as evi- 
dence that right ventricular hypertrophy is 
present in addition to left ventricular hyper- 
trophy. 

The decision to use total cardiae weight as 
a pathologic index of normality and to elim- 
inate borderline cases was fully rewarded by 
the finding that in none of the 17 cases econ- 
sidered normal by such eriteria was there 
clinical evidence of any factor that might have 
led to left ventricular hypertrophy. Thus, 
with no clinical evidence of left ventricular 
overload and no pathologie evidence of hyper- 
trophy, this group of 17 cases could be un- 
equivoeally accepted as showing false-positive 
electrocardiographic findings for an accept- 
able diagnosis of left ventricular hypertrophy. 

This group constitutes 16 per cent of cases 
in which the generally accepted electrocardio- 
graphic criteria for the diagnosis of left ven- 
tricular hypertrophy have been applied. The 
failure of such criteria in these 17 cases con- 
stitutes the most important finding of this 
study. The principal question appears to be 
what is the reason for an apparently normal 
heart producing an abnormal electrocardio- 
graphic tracing? 








Positive group 





Borderline 
group Hearts less 
than 450 Gm. 


Hearts 
450-550 Gm. 


Hearts 
over 550 Gm. 


16 10 40 





34 








In answering this question, it should be 
pointed out that electrocardiographie criteria 
for the diagnosis of left ventricular hyper- 
trophy are empirical, but have some theoret- 
ical basis. In the first place, the increased 
muscle mass creates a higher electric potential 
in the process of depolarization, thus account- 
ing for the increased voltage. Furthermore, 
a longer time is required to depolarize the 
thickened muscle, which may be shown in the 
electrocardiogram by the delay in the onset 
of the intrinsic deflection and the prolongation 
of the QRS complexes, particularly the R 
wave in left-sided precordial leads. Finally, 
the repolarization process is altered either by 
the increased muscle mass or by the increased 
tension of the overloaded muscle resulting in 
ST-T changes in the electrocardiogram. 

The finding, that in an appreciable number 
of cases abnormally high voltage is recorded 
in the electrocardiogram in the absence of 
increased left ventricular mass could be ex- 
plained in 2 ways: either the normal heart 
ean, under cireumstanees, generate 
stronger depolarization forces, or some elec- 
trocardiographic leads may exaggerate and 
magnify a normal depolarization force. The 
first possibility is unlikely. On the other 


some 
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TaBLE 4.—Electric Positions in the Various Groups According to Autopsy Findings 


Negative 
Position Total group group 


Horizontal 
Semi-horizontal 
Intermediate 
Semi-vertical 
Vertical 


hand, exaggeration of the electric potential 
by various indirect leads is a_ well-known 
phenomenon. Conventional extremity leads 
reflect fairly accurately a projection of the 
spatial mean vector, representing the main 
electric forces, onto the frontal plane. Pre- 
cordial leads reflect the electric forces pro- 
jected onto the transverse plane. Under ideal 
cireumstances, the magnitude of the spatial 
mean vector could be accurately ascertained 
from its projection onto 2 planes. However, 
this relationship is marred in the human 
body by the variability of the conductivity 
of the transmitting media and by the un- 
equal distances of the electrodes from the 
heart. It is generally agreed that extremity 
leads reflect electric forces more accurately 
than do precordial leads. The nearness of the 
precordial electrode to the heart distorts the 
electrocardiogram by magnifying the voltage 
of complexes. In children, adolescents, and 
young adults unusually high voltage is com- 
mon in precordial leads. This is thought to be 
due to the thin chest and close proximity of 
the electrodes to the heart. Findings of this 
study demonstrate that a similar distortion 
may occur in older individuals. Most of the 
false-positive cases occurred in patients with 
considerable body emaciation caused by malig- 
nant tumors. This offers a reasonable ex- 
planation in some, though not all, cases. Other 
possibilities causing undue magnification of 
precordial QRS voltage could include vagaries 
of the anatomic position of the heart in the 
thorax, or changes in conductivity of the 
media between the heart and the electrode. 

Prolonged ventricular activation time, meas- 


Positive group 





Borderline 


Hearts Hearts Hearts LV: RV 
less than 450 to over $21 
450 gm. 550 gm. or less 





ured in left-sided precordial leads, was the 
next most common criterion of left ventricu- 
lar hypertrophy found in the false-positive 
group, having been abnormal in 6 of the 17 
eases. It is noteworthy that it appears to be 
an unreliable diagnostic sign as evidenced by 
the fact that in almost half of the cases with 
the heaviest hearts, the ventricular activation 
time was normal. Inasmuch as there is no 
reason to doubt the validity of the relation- 
ship between the thickness of the muscle mass 
and the duration of the ventricular activation 
time in the direct electrogram, one has to con- 
elude that the conventional precordial elec- 
trocardiogram may exaggerate or minimize its 
duration. Whether this is caused by the dis- 
tance between the electrode and the heart or 
by a more tangential spread of the depolar- 
ization process!§ is unknown. 

Abnormalities of the ST-T portion of the 
electrocardiogram associated with left ventrie- 
ular hypertrophy are the subject of contro- 
versy. The point in question is whether the 
alteration of the repolarization process that 
rotates the main ST and T forces away from 
the main QRS forces is caused by the increase 
in the muscular mass, thus being another di- 
rect effect of left ventricular hypertrophy, or 
is caused by changes developing secondarily 
to the hypertrophy or to the disease process, 
such as increased tension, relative ischemia, 
ete. This second viewpoint has been respon- 
sible for the use of the term ‘‘ventricular 
strain’’® ® to connote ST-T changes as op- 
posed to ‘‘ventricular hypertrophy,’’ which is 
applied to increased QRS voltage '® and in- 
creased ventricular activation time. This study 
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TABLE 5.—Summary of Electrocardiographic Criteria 
in Positive and in Negative Cases 








| Negative | Positive 


cases cases 


High voltage alone 
High voltage and increased activa- | 
tion time 


High voltage, depressed S-T seg- | 
ments and flat T waves 





High voltage and inverted T waves | 


Increased ventricular activation 
time and inverted T waves 


High voltage, increased ventricu- | 
lar activation time and lesser 
ST-T changes 


High voltage, increased ventricu- | 
lar activation time and inverted | 
T waves 





cannot shed light on this controversy. It does 
demonstrate, however, the importance of ad- 
ding the ST-T abnormalities to the criteria of 
left ventricular hypertrophy, which otherwise, 
if it were to be based on increased voltage 
and delayed activation time, could never be 
To be sure, S-T 
segment depression, flattening and inversion 
of T waves are electrocardiographice abnor- 


diagnosed with certainty. 


malities that can be caused by a great variety 


of pathologic and physiologic processes. Yet 
such abnormalities, when combined with in- 
creased voltage and prolonged activation time, 
add to the specificity of diagnostic criteria of 
left ventricular hypertrophy. The more ad- 
vanced change, the inversion of T waves in 
leads with strongly positive QRS complexes, 
appears the most valuable addition to the diag- 
nostic criteria, for only once was such change 
found in the false-positive group, and that 
was in a ease in which focal fibrosis of the 
myocardium was present, which was the ob- 
vious cause of this electrocardiographie ab- 
normality. Lesser ST-T abnormalities, such 
as S-T segment depression and flattening of T 
waves were found occasionally in the false- 


positive cases. Some such cases, though not 
all, showed the presence of focal disease of 
the myocardium. It is also possible that 
such electrocardiographic abnormalities might 
have been caused by the tendency of the 
T-wave vector to rotate more vertically and 
anteriorly in elderly individuals,” whereby 
flat T waves appear in left precordial leads. 

Abnormalities of the repolarization process 
appear to be such an integral part of the 
electrocardiographie pattern of left ventric- 
ular hypertrophy that it was thought to be 
preferable to use the all-inclusive term ‘‘hy- 
pertrophy’’ rather than the dual concept of 
‘‘hypertrophy’’ and ‘‘strain.’’ The concept 
of strain appears to have some merit in acute 
processes wherein S-T and T changes ap- 
pear or disappear under circumstances in 
which the time is too short for the develop- 
ment or the regression of ventricular hyper- 
trophy. However, until more is known 
about the exact nature of ‘‘strain,’’ it may 
be assumed that it represents the same phys- 
iopathologic process that stimulates the 
growth of heart muscle. 

The findings of this study suggest strongly 
that presently available criteria for the elee- 
trocardiographic diagnosis of left ventricu- 
lar hypertrophy are reasonably satisfactory. 
Yet, on the one hand, normal hearts can un- 
dergo depolarization and repolarization in 
such a manner that conventional electrocar- 
diographie tracing shows a seemingly abnor- 
mal picture, and, on the other hand, grossly 
hypertrophied hearts can, under some cir- 
cumstances, present a near-normal electro- 
cardiogram. This is presumably caused by 
the various distortions of the electric activ- 
ity of the heart in their projections onto the 
conventional electrocardiographic leads. Be- 
cause of these distortions, the magnitude, the 
direction, and the duration of the electric 
forces cannot be estimated accurately, so that 
no absolute criteria separating normal trac- 
ings from those of left ventricular hypertro- 
phy ean exist. Rather, one should consider 
electrocardiographic criteria for the diag- 
nosis of left ventricular hypertrophy as ex- 
pressing a probability that the left ventricle 
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is hypertrophied. Such probability appears 
to be higher in the presence of an average 
body build, and lower in the presence of 
emaciation, thin chest wall, or some other 
factor capable of distorting the transmission 
of the electric cardiac potential. 

The greatest possibility of error in the 
diagnosis of left ventricular hypertrophy lies 
in the diagnosis of early hypertrophy. The 
characteristic picture of fully developed left 
ventricular hypertrophy consisting of left- 
wards (horizontal) rotation of the mean QRS 
axis, the high voltage, the delayed ventricular 
activation time, the prolonged QRS duration, 
and the characteristic S-T segment deviation 
and T-wave inversion are very unlikely to lead 
to a diagnostic error. However, it is important 
to note that severe hypertrophy of the left 
ventricle may exist while fulfilling only one 
of these criteria, so that the electrocardio- 
graphic diagnosis of ‘‘early’’ and ‘‘late’’ or 
‘‘mild’’ and ‘‘severe’’ hypertrophy may be 
subject to a considerable error. 

Throughout the study, an attempt has been 
made to visualize alterations of the electrocar- 
diogram as a variation of the sequence of acti- 
vation and the magnitude of the spatial elee- 
tric forces, rather than as changes in the con- 
tour of the various waves. One is justified in 
asking the question, whether direct vectorcar- 
diography would be superior in the diagnosis 
of left ventricular hypertrophy to conven- 
tional electrocardiography. At the present 
time, no uniform standards exist and the in- 
formation at hand is yet inconclusive. How- 
ever, it is doubtful that this method will suc- 
ceed in the area in which conventional electro- 
cardiography is most disappointing: the sep- 
aration of early left ventricular hypertrophy 
from the normal heart. 


SUMMARY 

In a series of 550 unselected electrocardio- 
grams taken on patients in whom necropsy 
findings were later available, 108 tracings 
showed the pattern of left ventricular hyper- 
trophy according to currently accepted elec- 
trocardiographie criteria. The analysis of the 
necropsy findings based on heart weights re- 


~~ 


vealed that left ventricular hypertrophy was 
believed to be present in 75 cases, absent in 17 
cases, and questionable in 16 cases. 

A careful analysis of the 17 cases with nor- 
mal cardiac weights was made and it was 
found that in none of the cases was there 
known cause for cardiac hypertrophy, nor was 
there significant cardiac disease present. The 
majority of patients in this group died of 
malignant disease and showed considerable 
emaciation. 

The value of the 3 principal classes of elec- 
trocardiographie criteria was examined not 
only in the light of confirmed and false-pos- 
itive cases, but also according to their inci- 
dence in cases with mild, moderate, and 
severe left ventricular hypertrophy deter- 
mined by cardiac weight. The prolonged ven- 
tricular activation time was found to be the 
least reliable sign, having been present in 
many false-positive cases and absent in some 
Inereased 
voltage of precordial leads, the most sensi- 


cases with severe hypertrophy. 


tive of the criteria, was present in most 
eases. It was also, however, most frequently 
responsible for a false-positive diagnosis of 
left ventricular hypertrophy. The depres- 
sion of S-T segments, flattening and inver- 
sion of T waves in leads showing the highest 
electro-positive deflections when added to the 
other 2 groups of criteria materially in- 
creased the specificity of the diagnosis. How- 
ever, the relationship between the extent of 
the electrocardiographic abnormalities and 
the severity of hypertrophy is only fair. 

It is believed that these inaccuracies in the 
electrocardiographic diagnosis are inherent 
in the method and demonstrate the fact that 
conventional electrocardiography registers in 
a rather crude way the electrie forces of 
eardiae action, being influenced in addition 
by such extraneous factors as body build, 
vagaries of anatomic positions of the heart, 
the degree of insulating effect of outside 
structures, and probably other, as yet un- 
known, factors. 

Presently available electrocardiographie 
criteria for the diagnosis of left ventricular 
hypertrophy appear to be moderately satis- 
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factory. They have to be applied, however, 
with the understanding of their limitations: 
it is necessary to accept them as an expression 
of probability rather than a diagnosis of left 
ventricular hypertrophy. The disappointing 
inaccuracy of electrocardiography in the field 
of the diagnosis of early left ventricular hy- 
pertrophy is emphasized. 
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SuMMARIO IN INTERLINGUA 


In un serie de 550 non-seligite electrocar- 
diogrammas, obtenite ab patientes pro qui 
reportos necroptic deveniva subsequentemente 
disponibile, 108 exhibiva le configuration de 
hypertrophia sinistro-ventricular secundo le 
currentemente acceptate ecriterios electrocar- 
diographic. Le analyse del reportos necroptic 
revelava pesos cardiac indicante le presentia 
de hypertrophia sinistro-ventricular in 75 
casos e su absentia in 17 casos. In 16 casos le 
reporto necroptic esseva indecise. 

Un analyse meticulose del 17 casos con nor- 
may pesos cardiac esseva effectuate. Esseva 
constatate que il existeva in nulle de iste casos 
un causa cognoscite de hypertrophia cardiac, 
e nulle esseva characterisate per le presentia 
de significative lesiones cardiac. Le majori- 
tate del patientes in iste gruppo moriva ab 
morbos maligne e exhibiva grados considera- 
bile de emaciation. 

Le valor del 3 classes principal de ecriterios 
electrocardiographic esseva examinate non sol- 
mente in le lumine de casos confirmate e de 
casos false-positive sed etiam con referentia 
a lor incidentia de casos de leve, moderate, 
e sever hypertrophia sinistro-ventricular, ju- 
dicate super le base del pesos cardiac. Es- 
seva trovate que prolongation del tempore 
de activation ventricular es le minus fidel 
del signos de hypertrophia sinistro-ventricu- 
lar. Illo esseva presente in numerose casos 
false-positive e absente in plures con hyper- 
trophia sever. Augmento de voltage in de- 


rivationes precordial esseva le plus sensibile 
del criterios. Su presentia esseva notate in 
le majoritate del casos, sed illo esseva etiam 
responsabile pro un plus grande portion del 
diagnoses false-positive que non importa qual 
altere criterio de hypertrophia sinistro-ven- 
tricular. Le depression del segmento S-T e 
le applanation e inversion del unda T in 
derivationes exhibiente le plus alte deflexi- 
ones electro-positive—addite al criterios del 
2 altere gruppos—augmentava le specifici- 
tate del diagnose a grados_ significative. 
Tamen, le relation inter le extension del 
anormalitates electrocardiographie e le grado 
de severitate del hypertrophia es solmente 
‘“satis bon.’’ 

Es formulate le opinion que iste inexacti- 
tudes del diagnose electrocardiographie in- 
here in le methodo mesme e servi a demon- 
strar le facto que le electrocardiographia 
conventional registra le fortias del action 
cardiac in un maniera pauco raffinate, pro- 
que illo es influentiate etiam per varie 
factores extranee, como per exemplo le 
conformation del corpore del patiente, le 
erratic variationes in le position anatomic 
del corde, le grado del effecto isolatori de 
structuras externe, ete., incluse, il es proba- 
bile, un numero de factores que es ancora 
ineognoscite. 

Le currentemente disponibile criterios elec- 
trocardiographic pro le diagnose de hyper- 
trophia sinistro-ventricular pare esser ‘‘mo- 
deratemente satisfactori.’’ Tamen, illos debe 
esser applicate in plen recognition de lor 
limitationes. Il es necessari acceptar los 
como expression de probabilitate plus tosto 
que como diagnostic pro hypertrophia sinis- 
tro-ventricular. Es sublineate le disappune- 
tante inexactitude del electrocardiographia 
in le campo del diagnose de hypertrophia 
sinistro-ventricular in stadios precoce. 


? 
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The authors report the clinical and postmortem findings in the case of a 73-year-old 
man who had suffered a coagulation defect since childhood diagnosed hemophilia on the 
basis of a prolonged coagulation time and a thromboplastin-generation test indicative of 
deficient antihemophilic globulin. He had experienced angina pectoris for 3 years before 
his death, which occurred during an episode of gastrointestinal bleeding. At postmortem 
examination, atheroma of the coronary arteries and aorta was found. It is suggested that 
such a ease is evidence against Duguid’s theory of the thrombotie origin of atheroma. 
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Dextrocardia with Pulmonary Stenosis and Functionally 
Single Right Ventricle 


By Joserpx Fisher, M.D., Anp Soon Kyu Sun, M.D. 


An unusual case of congenital heart disease is reported which, despite numerous circulatory ab- 


normalities, permitted a life span of 34 years. 


HIS is an unusual case of congenital heart 

disease in a patient with dextrocardia and 
situs inversus in which both the aorta and ste- 
nosed pulmonary artery orignated from the 
right ventricle. Despite numerous circulatory 
abnormalities, this patient lived 34 years. 


Case REPORT 


A 34-year-old Puerto Rican was admitted to Lin- 
coln Hospital February 10, 1956, complaining of 
chest pains, vomiting, marked dyspnea, and ankle 
edema. 

According to the mother, the child was normal at 
birth and developed normally to about the age of 8. 
Then he began to develop a deformity of his back 
and to show cyanosis. Dyspnea on exertion, cyanosis, 
and deformity of the back became progressively 
worse, but he was not under any continuous medical 
care. 

Examination at the time of admission revealed 
an acutely ill, markedly dyspneic, and cyanotic 
man. There was marked deformity of the thoracic 
cavity due to kyphoscoliosis of the dorsal spine with 
a convexity to the left. The blood pressure was 
100/60. The heart rate was very rapid and irregular. 
There was a grade IV, rough systolic murmur and a 
long blowing diastolic murmur at the fourth left 
interspace, and a grade IV systolic murmur over 
the second left interspace. Moist rales were heard 
throughout both lung fields. There was heaving 
over the entire precordial area and a point of maxi- 
mum cardiac impulse could not be determined. The 
thrust to the right of the sternum appeared to be 
greater than to the left. The liver was enlarged 4 
fingers below the left costal margin. There was 
3+ pitting edema of the extremities. 

Fluoroscopy and x-ray of the heart were confusing 
because of the kyphoscoliosis. The aorta was to the 
right of the esophagus and the transverse diameter 
of the heat was increased. The stomach was in the 
right upper quadrant (fig. 1). 

The electrocardiogram (fig. 2) was most difficult 
to interpret. Atrial fibrillation with a very rapid 
ventricular rate and digitalis effect were definite. 
There was no definite evidence of dextrocardia. 
The hemoglobin was 15 Gm. per cent and the white 


count was 6,400, with a normal differential. The 
urea nitrogen was 28 mg. per cent. Other tests 
were within normal limits. 

The patient was treated with digitalis, mercurials, 
quinidine, and a salt-free diet, and the decompensa- 
tion improved. However, on April 14, he complained 
of pains in the chest and marked dyspnea, went into 
shock, and died. 


Autopsy Findings 


At autopsy, the heart was predominantly in the 
right chest (fig. 3). The ascending aorta was on the 
left with the descending portion on the right side 
of the esophagus. There was marked dilatation 
and hypertrophy of the right* atrium and _ right 
ventricle, which were on the left side of the heart. 
The left atrium and left ventricle were very small 
and were posterior and on the right side. In the heart, 
both the aorta and stenosed puimonary artery arose 
from the markedly enlarged right ventricle. The 
aortic valves appeared normal, except for fenestra- 
tions of the cusps. The narrowed opening of the 
pulmonary artery (which was about 0.5 cm. in 
diameter) was below and to the right of the aortic 
opening (fig. 4). The pulmonary valve had cnly 2 
cusps. The pulmonary artery was directed posterior 
to the aorta, and from right to left. There was an 
interventricular septal defect measuring about 2 
em. (fig. 5). in diameter in the muscular portion of 
the septum and below the crista supraventricularis. 
It did not involve the openings of either the pul- 
monary artery or aorta. The myocardium appeared 
normal in color and consistency. One coronary 
artery arose from the aorta and one from the pul- 
monary artery. The right pulmonary veins emptied 
into the right atrium. A patent ductus arteriosus 
was not found. The liver weighed 1250 Gm. There 
was situs inversus of all the organs, including the 
lungs, except the cecum and appendix, which were 
on the right side. 


*To avoid misunderstanding, right atrium and 
right ventricle refer in this article to the atrium and 
ventricle supplying the pulmonic circulation although 
they were on the left side of the heart. The left atrium 
and left ventricle refer to the systemic circulation and 
were on the right side. 
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DEXTROCARDIA WITH PULMONARY STENOSIS 


Fic. 1. Posteroanterior x-ray of chest showing 
marked deviation of the esophagus to the left in the 
upper portion.”As the esophagus descends, it deviates 
to the right, to empty into the stomach in the right 
upper quadrant. 


Fig. 2. Electroeardiogram showing atrial fibrilla- 
tion and digitalis effect. 


Discussion 


The diagnosis of dextrocardia was clinically 
difficult to establish for the following reasons. 
Because of the large right ventricle, the elec- 
trocardiogram was not diagnostic of dextro- 
‘ardia. Since there was atrial fibrillation, the 
direction of the P waves could not be deter- 


Fig. 3. Exterior view of the heart. The entire 
anterior aspect consists of right atrium and right 
ventricle. 


mined. The marked scoliosis and kyphosis 
‘caused marked distortion of the thoracic cavity 
with rotation of the heart, so that chamber size 
could not be determined on either fluoroscopy 
or x-ray examination. Fluoroscopy revealed a 
right-sided aorta, equal pulsations on both sides 
of the cardiac shadow in the posteroanterior 
view, and situs inversus. Physical examination 
revealed a heaving over the anterior chest, so 
that a point of maximum cardiac impulse could 
not be determined. Neither angiocardiography 
nor cardiac catheterization could be performed. 

Although both levocardia in situs inversus! 
and isolated dextrocardia? are nearly always 
associated with congenital cardiac defects, the 
occurrence of congenital cardiac defects in 
dextrocardia with situs inversus is more un- 
usual. In Maude Abbott’s 1,000 cases, there 
were 11 cases of dextrocardia, situs inversus, 
and cardiac defects. The incidence of a patent 
right ventricular aorta is rare. Edwards' men- 
tioned 8 cases of this abnormality. Also, in 
Abbott’s series,> there were 3 cases of aorta 
originating from the right ventricle. Neither 
Edwards’ nor Abbott’s cases showed dextro- 
cardia with situs inversus. 

It is difficult to classify this type of abnor- 
mality. Although this patient had the 4 charac- 
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Fic. 4. Top. Arrow no. 1 points to stenosed pulmonary artery. Arrow no. 2 points to opening of 
aorta. 


Fic. 5. Bottom. Shows tricuspid valve and relationship of interventricular septal defect to openings 
of aorta and stenosed pulmonary artery. Note that there is no overriding of either the aorta or the 
pulmonary artery 
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teristic defects usually classified as tetralogy of 
Fallot, namely right-sided aorta, pulmonary 
stenosis, interventricular septal defect, and 
right ventricular hypertrophy, there was no 
overriding of the aorta over the septal defect. 
Also, there was no overriding of the stenotic 
pulmonary artery. The ventricular septal de- 
fect was below the crista supraventricularis, in 
the muscular part of the septum, and the course 
of the pulmonary artery was directed posterior 
to the aorta from right to left. In Taussig’s* 
description of the types of tetralogy, there is 
always some degree of overriding of the aorta. 
Even if one does not accept this concept of 
overriding of the aorta, the location of the de- 
fect and the relationship of the pulmonary 
artery and the aorta are not those found in the 
tetralogy of Fallot. This heart would fit into 
the type IT classification of Spitzer.6 According 
to his theory there is a greater degree of detor- 
sion than that found in bis type I classification 
(in which the tetralogy would be placed). As a 
result, the ascending aorta is to the right (in 
this case, to the left, because of the dextrocar- 
dia) and anterior to the pulmonary artery. 
Also, Spitzer maintained that the aorta is a 
right ventricular aortic conus that has reopened 
and is connected with the common ascending 
aorta, the left ventricular aortic conus having 
been obliterated. As a result, there is no direct 
outflow ostium from the left ventricle. The only 
means of exit of blood from the left ventricle is 
through the septal defect into the right ven- 
tricle. 

Spitzer also stated that the pulmonic valve 
usually has only 2 cusps and 1 of the coronary 
arteries is transposed so that it arises from the 
pulmonary artery. These abnormalities were 
also present in this case. 

The electrocardiogram was most unusual. In 
spite of the tremendous right ventricle, char- 
acteristic right ventricular complexes (R_ or 
Rs) were not seen on either the right or left side 
of the heart. Only in Vi, Vaz, and Vex were RS 
complexes seen. The unipolar limb leads did not 
definitely indicate dextroposition. As men- 
tioned previously, because of the atrial fibrilla- 
tion, the direction of the P waves was of no 
assistance. In retrospect, one can surmise right 
ventricular hypertrophy in the dextrocardia 


because of the late intrinsicoid deflection of the 
R wave on the left side of the heart (V»2..) and 
aV, with progressive formation of an rS com- 
plex as one reads from V,; to Ver (from right 
sternal border to right axilla) and the forma- 
tion of an R complex in V7z and Vpp, suggesting 
a left ventricular complex in the right posterior 
chest. 

It is obvious that there must have been some 
fairly competent pulmonary collateral circula- 
tion to allow this man to live 34 years. No 
patent ductus arteriosus was found. Ghoreyeb 
and Karsner’ as early as 1913 showed that when 
the pressure in the pulmonary radicles is 
markedly reduced the bronchial circulation is 
brought into service to compensate for the 
decreased pulmonary flow. The earlier in life 
that this occurs, the more readily the bronchial 
arteries enlarge. This pattern of collateral cir- 
culation certainly must have occurred in this 
case, aided undoubtedly by the anterior and 
posterior mediastinal and esophageal arteries.* 
It is only through development of these collat- 
eral vessels that sufficient pulmonary circula- 
tion could be maintained, as the markedly 
stenosed pulmonary valve certainly could not 
permit sufficient blood to get to the lungs. 


SUMMARY 

An unusual case is presented of a 34-year-old 
man with dextrocardia and situs inversus in 
which the aorta and stenosed pulmonary artery 
arose from a markedly hypertrophied and di- 
lated right ventricle. There were numerous 
other congenital abnormalities, namely, inter- 
ventricular septal defect, 1 coronary artery 
arising from the pulmonary artery, bicuspid 
pulmonary valve, the right pulmonary vein 
emptying into the right atrium, and fenestra- 
tion of the cusps of the aortic valve. This com- 
bination of congenital cardiac defects best fits 
in with Spitzer’s type II classification of con- 
genital malformations of the heart. There must 
have been a well-developed collateral pulmonary 
circulation to allow this man to live 34 years. 

SUMMARIO IN INTERLINGUA 

Es presentate le caso inusual de un homine 
de 34 annos de etate, con dextrocardia e sito 
inverse in que tanto le aorta como etiam le 
stenotic arteria pulmonar partiva ab un marca- 





temente hypertrophic e dilatate ventriculo 
dextere. Le caso se distingueva per numerose 
altere anormalitates congenite, i.e. defecto de 
septo interventricular, 1 arteria coronari a 
origine in le arteria pulmonar, bicuspide 
valvula pulmonar, drainage del vena dextero- 
pulmonar a in le atrio dextere, e fenestration 
del cuspides del valvula aortic. Iste combina- 
tion de congenite defectos cardiac se accorda 
le melio con le typo II del classification de 
congenite malformationes del corde secundo 
Spitzer. Viste que iste homine viveva 34 annos, 
il es necessari supponer que ille habeva un 
ben-disveloppate circulation pulmonar col- 
lateral. 
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The authors reported a case of ventricular fibrillation in a patient with acute coronary occlu- 
sion, followed by successful restoration of circulation. The patient was a 55-year-old white man 
who had a typical history of myocardial infarction. At the time that ventricular fibrillation was 
recorded electrocardiographically the patient lost consciousness. The left side of the chest was 
immediately opened and massage was started through the intact pericardium. Epinephrine was 
injected into the left ventricle and an electric defibrillator was utilized. The latter converted fi- 
brillation to asystole, at which time cardiac massage was started. Effective cardiac contractions 
appeared and the blood pressure rose. Recovery from the operation was uneventful except for 


slight fever. 
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Anatomie Studies of the Cardiac Conduction System in 
Congenital Malformations of the Heart 


By Kertu Reemtsma, M.D., anp W. M. CopenHaver, Pu.D. 


A frequent and serious complication of certain intracardiac procedures is heart block, produced by 
operative injury to the conduction pathways. The anatomic relationship of the conduction system 
to cardiac defects has previously been studied only in isolated cases of heart block. This report 
deals with a study, by means of serial sections and reconstructions, of the relationships of the 
atrioventricular node and bundle to a variety of congenital defects in the area of the membranous 


ventricular septum. 


YTUDIES on the conduction mechanism of 
the heart began in 1845 with the observa- 
uons of Purkinje,! who described in sheep 
hearts a peculiar type of muscle fiber that 
now bears his name. In 1893 His? published a 
description of the atrioventricular bundle, and 
since that time a considerable body of informa- 
tion has accumulated on the structure and 
function of this specialized tissue. However, 
except for isolated studies in cases of congenital 
heart block, there is scant information on the 
course of the conduction fibers in congenital 
malformations of the heart. 

The development of intracardiac surgery has 
aroused renewed interest in the anatomy of 
congenitally malformed hearts, and repair of 
certain cardiac defects has demonstrated the 
susceptibility of the conduction system to in- 
jury. In an early series of 20 cases of interven- 
tricular septal defect repaired by intracardiac 
operations, 9 instances of conduction dis- 
turbances were recorded.’ Recently Cooley, 
Kirklin, and Harshbarger* stated “knowledge 
of the exact anatomic location of the bundle of 
His in the presence of persistent common atrio- 
ventricular canal has long been needed, for an 
inadvertently placed stitch through or around 
the bundle may lead to complete heart block 
with fatal termination.’ 

This present report deals with a study of the 
anatomic relationship of the cardiac conduction 
system to various congenital defects in the 
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region of the membranous portion of the inter- 
ventricular septum and adjacent structures. 


MATERIALS AND METHODS 


In the initial stages of the investigation, dissection 
of the conduction system was attempted in fresh 
and formalin-fixed human hearts after the method 
described by Widran and Lev.® Microdissection 
technics were applied in fresh fetal and neonatal 
hearts. Neither of these methods, however, appeared 
satisfactory in the presence of intracardiac defects. 
The method of study finally adopted involved histo- 
logic study and visual reconstruction of serial 
sections. Five hearts, obtained from the Department 
of Pathology of Babies Hospital, were selected for 
study. Table 1 summarizes the malformations pres- 
ent in each case. 

Following the photographing and sketching of 
specimens, a block of tissue. was removed that 
included the ostium of the coronary sinus, the 
inferior portions of the atrial walls and interatrial 
septum, the superior portions of the ventricular 
walls and interventricular septum, and the attached 
fibrous ring of the heart. This block of tissue com- 
pletely encircled the defects in the region of the 
membranous portion of the interventricular septum 
and the atrioventricular septum. The block was 
then sectioned in a direction corresponding approxi- 
mately to the anteroposterior plane of the body. The 
sections were stained with either hematoxylin and 
eosin or Masson’s triple stain. Following histologic 
study, graphie reconstructions were made from 
projected sketches of the slides. 


OBSERVATIONS 


Case 1. This heart showed a defect in the mem- 
branous portion of the interventricular septum. The 
atrioventricular node was identified on the superior 
(atrial) aspect of the fibrous ring of the heart, 
adjacent to the ostium of the coronary sinus. The 
atrioventricular bundle coursed to the left and 
caudad, penetrating the fibrous ring. The bundle 
then followed the posteroinferior aspect of the 
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Summary of Atrial and Ventricular 
Defects in Five Cases 


Case no. Age Defects 


2 months | interventricular septal defect 
(membranous) 

6 days persistent 
canal, patent foramen ovale 
months | interatrial septal defect 

(primum type) 

5 weeks interventricular septal defect 
(muscular) 

5 weeks complete transposition with- 
out interventricular septal 
defect, patent foramen 

ovale 


septal defect, lving immediately beneath the endo- 
cardium. The right bundle branch could be identi- 
fied coursing subendocardially down the ventricu- 
lar septum; the left bundle branch was indistinct 
(fig. 1, case 1, and fig. 2). 


e 


atrioventricular 
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Case 2. This heart demonstrated a persistent 
atrioventricular canal and a patent foramen ovale. 
The atrioventricular node lay on the atrial aspect 
of the fibrous ring, and the atrioventricular bundle 
penetrated this fibrous ring in a course similar 
to that described in case 1. The bundle passea 
around the posteroinferior aspect of the ventricular 
portion of the atrioventricular defect. As described 
in case 1, the -undle lay directly beneath the endo- 
cardium. At the lowermost portion of the ventricular 
defect the bundle divided into right and left bundle 
branches, which then coursed down the ventricular 
septum (fig. 1, case 2, and fig. 3). 

Case 3. This specimen showed a large interatrial 
septal defect, only a thin rim of rudimentary atrial 
muscle remaining on the superior aspect of the 
fibrous ring. The atrioventricular node and bundle 
lay in the normal position. However, before pene- 
trating the fibrous ring, the node and bundle were 
separated from the atrial cavity only by endocardium 
and a narrow rim of atrial muscle (fig. 1, case 3). 

Case 4. In this specimen, the interventricular 
septal defect was high in position; however it lay 


Fic. 1. Reconstructions demonstrating relationships of the atrioventricular node and bundle in 


cases of (/) interventricular septal defect, membranous portion; (2) atrioventricular canal; (3) inter- 
atrial septal defect, primum type; and (4) interventricular septal defect, muscular portion. AVN 
and B—atrioventricular node and bundle; AVC 
sinus; FR—fibrous ring of the heart; JASD—interatrial septal defect; RA—right atrium; RV—right 
ventricle. 


atrioventricular canal; CS—ostium of coronary 
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Fic. 2. Photomicrographs of case 1 demonstrating (4) the location of the atrioventricular bundle 
in the fibrous ring of the heart, above the ventricular muscle; (B) the bundle lying between ventricu- 
lar muscle and endocardium, with the membranous septum intact; (C) the bundle in a position sim- 
ilar to (B), beneath the interventricular septal defect. A higher magnification (D) shows conductive 
tissue between ventricular muscle and endocardium. AV B—atrioventricular bundle; 1VSD—inter 
ventricular septal defect. Masson's triple stain; X 30 A, B, and C; X 100 D. 


in the muscular septum posterior to the septum 
membranaceum. The atrioventricular node and 
bundle lay in the usual position, close to the mem- 
branous septum, which was intact in this case. Distal 
to the bifurcation of the bundle, the right branch 
was indistinct (fig. 1, case 4). 

Case 5. This specimen showed complete transposi- 
tion of the great vessels, patent foramen ovale, and 
an intact interventricular septum. In this case the 
location of the atrioventricular node and the course 
of the bundle were normal. 


DiscussION 


During the past 3 decades several reports 
have appeared on the histologic study of the 


conduction system in cases of congenital heart 
block, associated with intracardiac defects. 

In 1925 Wilson and Grant® reported a case 
of partial heart block in an infant who was 
found to have a large interventricular septal 
defect. By studying serial sections of the poste- 
rior wall of the heart they observed a well- 
developed atrioventricular node in the usual 
location; however they could find no definite 
bundle penetrating the fibrous ring, although 
several strands of nodal tissue were seen cours- 
ing toward the posterior wall of the ventricle. 

In 1929 Yater’ reported the first histologic 





Fic. 3. Low-power photomicrograph of case 2, 
showing the patent foramen ovale and the atrio- 
ventricular canal. The atrioventricular bundle 
branches lie in the superior portion of the ventricular 
septum, immediately beneath the ventricular portion 
of the defect. AVB—atrioventricular bundle; AVC 
atrioventricular canal; AVV—common atrioventric- 
ular valve; PFO—patent foramen ovale. H and E 
stain; X 15. 
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study of the conduction system in a case of 
complete congenital heart block. This patient 
demonstrated transposition of the great vessels 
without septal defect, and serial sections dem- 
onstrated that the atrioventricular node was 
completely separated from the bundle of His 
by the central fibrous body. In 1933 and 1934, 
Yater and co-workers*: * studied an additional 
2 cases of complete congenital heart block, both 
of which were found to have defects in the 
membranous portion of the interventricular 
septum. In both cases the atrioventricular node 
was identified; in one case the bundle of His 
was separated from the node, and in the other 
case the bundle of His could not be identified. 
Similar studies on cases of heart block have 
appeared sporadically,'’-” and this material 
has been summarized in a review of congenital 
heart block by Donoso, Braunwald, Jick, and 
Grishman."* 

Although the location of the atrioventricular 
bundle in human beings has received little 
attention in the past, it is a subject of current 
interest in several laboratories. While our 
studies were in progress, we learned of research 
being done by Truex and Kain" on conduction 
tissue in human hearts with high interventricu- 
lar septal defects. From their demonstration 
at the American Association of Anatomists in 


1956 it appears that their results are compa- 


rable to ours in case 1. 

In the cases included in this report, hearts 
with a variety of defects in the region of the 
membranous portion of the interventricular 
septum were selected. In the case of the simple 
defect of the septum membranaceum, the con- 
duction bundle was readily identified coursing 
along the postero-inferior rim of the defect. A 
comparable anatomic relationship was _ ob- 
served in the case of atrioventricular canal, 
with the bundle lying along the postero-inferior 
rim of the ventricular portion of the defect. 
Both these defects are believed to be related to 
a failure of fusion of the dorsal endocardial 
cushion and the ascending ventricular septum. 
Walls'® has observed the atrioventricular 
bundle in an 8-mm. embryo, and ke describes 
its course as “growing forward under the dorsal 
endocardial cushion, still not fused with the 
ventral, to reach the summit of the interven- 









tricular septum.” It seems reasonable that in 
this area of embryologic fusion the conduction 
bundle will occupy a position along the pos- 
tero-inferior aspect of the smaller defects, both 
simple interventricular septal defects and per- 
sistent atrioventricular canals. 

In the case of a large interatrial septal defect, 
the atrioventricular bundle lay in close prox- 
imity to the atrial cavity, beneath the rim of 
rudimentary interatrial muscular septum. The 
position of the bundle might render it suscep- 
tible to injury during closure of the interatrial 
defect. 

The atrioventricular node and bundle occu- 
pied normal positions in the case of a high 
interventricular defect in the muscular portion 
of the septum. The bundle coursed in close 
proximity to the membranous portion of the 
septum, which was intact. 

In the case of complete transposition of the 
great vessels, the normal course of the conduc- 
tioa system perhaps could be predicted. In such 
an anomaly the embryologic defect involves the 
spiral septation of the truncus arteriosus, and 
the fusion of the ventricular septum and dorsal 
endocardial cushion remains undisturbed. 

The course of the conduction system in the 
very large defects, such as common ventricle, 
remains unknown. In reporting such a case in 
1925, Wilson and Grant® were unable to demon- 
strate a true atrioventricular bundle. Prelimi- 
nary studies on similar specimens in our 
laboratory have also failed to show an atrioven- 
tricular bundle comparable to those described 
in this report. 


SUMMARY 

Five hearts, demonstrating a variety of con- 
genital defects were studied by serial sections, 
and the atrioventricular node and bundle were 
identified in each. In cases of membranous 
interventricular septal defect and atrioventric- 
ular canal, the atrioventricular bundle coursed 
along the postero-inferior margin of the ven- 
tricular defect in a subendocardial position. 
In a case of large interatrial septal defect, the 
atrioventricular node and bundle lay beneath 
a thin rim of rudimentary interatrial muscle. 
In cases of complete transposition and high 
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interventricular muscular septal defect the 
conduction system lay in the normal ana- 
tomic position. 
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SUMMARIO IN INTERLINGUA 


Cinque cordes con varie defectos congenite 
esseva studiate per sectiones serial. In omnes 
le nodo e le fasce atrioventricular esseva identi- 
ficate. In casos de defecto membranose del 
septo interventricular e de canal atrioven- 
tricular, le fasce atrioventricular curreva al 
longo del margine postero-inferior del defecto 
ventricular in position subendocardial. In un 
caso de grande defecto del septo interatrial, le 
nodo e le fasce atrioventricular jaceva infra un 
tenue margine de rudimentari musculo intera- 
trial. In casos de transposition complete e de 
defecto muscular del septo supero-interven- 
tricular, le systema de conduction occupava le 
position anatomic normal. 
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A baby girl born at term and normal except for a loud systolic murmur, had complete heart 
block with a ventricular rate of 50 per min. This was predicted 4 months before term by the at- 
tending obstetrician because the fetal heart rate was about 56 per minute. There had never been 
any other sign of fetal distress. The child has been followed for 2'5 years, and the block remains. 
Administration of atropine in the neonatal period or at subsequent times failed to affect the block. 
It is thought that the child has an intraventricular septal defect. The previous literature on con- 
genital heart block, and its usual cause, intraventricular septal defect, is reviewed. 
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Influence of an Oscillating Bed on Cutaneous 


Temperature and Oxygen Tension of Ischemic Toes 


By Cartos Forno, M.D., Huan Montcomery, M.D., anp OrviLLE Horwitz, M.D. 


Measurements of temperature and oxygen tension of the skin demonstrated that treatment 
with an oscillating bed increases the circulation to ischemic toes. When the angle and dura- 
tion of the dependent position of the foot of the bed were increased, further increments in 


circulation resulted. 


7. effect of the dependent position upon 
blood flow to the extremities has long 
been a matter of controversy. Even when the 
limbs remain in the plane of the body, and 
the whole is tilted foot-downward, there is 
little agreement concerning the changes in 
blood flow that take place in the limbs. You- 
mans, Akeroyd, and Frank in 1935! found a 
rapid decrease in the temperature of the skin 
of the toes and of the lower legs when subjects 
were changed from the horizontal to the erect 
posture. The opposite result was obtained in 
1938 by Roth, Williams, and Sheard,? who re- 
ported an increase in the temperature of the 
toes in 15 of 23 observations when the stand- 
ing position was adopted. Studies utilizing a 
tilt table have given varying results, apparent- 
ly depending upon the degree of downward 
inclination of the table. With 15 and 20 
degrees of downward tilt, Roth and co-workers 
found an increase in the skin temperature of 
the toes. Nielsen et al.* observed a rise in the 
skin temperature of the toes with 45 degrees 
downward inelination, although the skin 
temperature at other parts of the body was 
lowered. When the angle was 70 degrees the 
skin temperature of the toes decreased. Mayer- 
son and Toth* observed a decrease in both the 
cutaneous and subcutaneous temperatures 
with a 75-degree foot-downward position. 
They thought that the difference in angles of 
inclination explained the divergence of their 
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results from those of Roth. Bridgen, Howarth, 
and Sharpey-Schafer,® studied blood flow by 
venous occlusion plethysmography in subjects 
tilted from the horizontal to the vertical posi- 
tion, and found that flow decreased in a 
normal forearm but not in a sympathecto- 
mized limb. Similar results in the hand have 
been observed by Beaconsfield and Ginsburg.® 
Williams, Montgomery, and Horwitz,’ by the 
polarographic method, found an increase in 
oxygen tension of the skin of the toes in 
normal, and especially in ischemic, limbs 
when the foot of a horizontal tilting table 
was lowered 7 inches (5 degrees), but no 
change in skin temperature was detected 
either in normal or ischemic toes. 
Disagreement also exists about the measure- 
ments of blood flow in dependent limbs while 
the rest of the body is unchanged in position. 
Differences in method may in part account for 
this. Thus, Wilkins, Halperin, and Litter,® 
by means of venous oxygen measurements, 
observed that blood flow to a dependent rest- 
ing arm or leg of a subject in a recumbent 
position was greater than to the horizontal 
limb. Rosensweig® also found an increase in 
flow, by the same method, in the dependent 
arm of the seated subject. Opposite results 
have been obtained by the method of venous 
occlusion plethysmography, in which the in- 
herent difficulties, particularly ‘‘after drop,’’ 
have long been recognized.!°!® Gaskell and 
Burton!! reported a decrease in blood flow 
to the toes of a normal limb made dependent 
at the knee. Beaconsfield and Ginsburg!’ re- 
ported a decrease in flow in both normal and 
sympathectomized limbs. In recent studies 
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of some of the problems connected with the 
use of the venous occlusion plethysmograph, 
Allwood’® avoided making comparisons of 
blood flow in the dependent and horizontal 
positions measured by this method. Roddie'® 
used a calorimetric method, and his measure- 
ments suggest that the rate of blood flow 
through the fingertips is slightly greater and 
the peripheral resistance slightly less when 
the arm is dependent than when it is hori- 
zontal. 

An oscillating bed allows a person to re- 
cline while the limbs remain in a constant 
position with respect to the body. It is in 
essence a mechanically driven tilting table 
supported at the center. It was designed in 
19361? and has been widely used in the treat- 
ment of ischemic limbs. Favorable clinical 
results after use of this bed have been re- 
ported, but very few measurements of its 
effect upon blood flow have been made. The 
cyclic changes create a complicated circula- 
tory situation. The only studies we know of 


its effect on blood flow have been made by 
measurements of skin temperature. 


Barker 
and Roth in 1939'S were the first to evaluate 
the effect of this apparatus on ischemic limbs. 
They made a few measurements of the temper- 
ature of the toes of patients who had reduced 
blood flow to the lower limbs, usually, but 
not always, finding a slight increase after 
lowering the feet. Horton, Krusen, and 
Sheard’® found no change in the temperature 
of the toes of normal subjects directly at- 
tributable to the oscillating bed, and thought 
that the results of Barker and Roth were 
probably due to uncontrolled factors. 

The purpose of the present study was to 
determine the effect of the oscillating bed on 
both the temperature and the oxygen tension 
of the skin of ischemic toes, and the part 
played by the degree and duration of down- 
ward inclination of the foot of the bed. 


METHOD 
An oscillating bed* permitting a wide range of 
*We thank the J. H. Emerson Co., Cambridge, 
Mass. for the use of a Vaseulaider Bed (Model V-R 
BSV, No. 1) for these experiments, 
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Oscillation 


Control | Control I 


Fic. 1. Schema of oscillating bed, angles used, and 
sequence of the first series of experiments. 


adjustment of angles and timing was used. The 
patients studied had arteriosclerosis obliterans of 
the lower limbs. In each patient the more ischemic 
foot was used, and the skin temperature and oxy- 
gen tension of the toes were measured on different 
days. Skin temperature studies were made in a 
constant temperature room with air 23 + 1 C. 
Temperatures were recorded by a Brown poten- 
tiometer, 4 copper constantan thermocouples being 
placed at the base and 3 at the tips of the toes, 
and held in place by a single layer of adhesive 
tape. By means of the polarographic technic de- 
scribed by Montgomery and Horwitz” changes in 
cutaneous oxygen tension were measured in a room 
with a temperature of 24.5 to 30.0 C.; that during 
any one experiment varied by no more than 1 C. 
Four electrodes were inserted intracutaneously at 
the base of the toes. Percentage changes in oxygen 
tension were calculated from the changes in electric 
current. Skin temperature was recorded every 2 
minutes and oxygen tension every 5 minutes except 
in the experiments in series IIb (table 1). 

Series I. The first series of experiments was 
designed to establish the optimal oscillating pattern 
of the bed. Four patients, 2 male and 2 female, 
with arteriosclerosis obliterans were studied. Their 
ages ranged from 47 to 70 years. One was diabetic. 
None had ulcers or gangrene at the time the studies 
were made. A mean temperature of 27.2 C. (25.0 
to 28.9 C.) was obtained in the skin of the tips of 
the toes after the patients’ bodies were warmed in 
a constant temperature room at 20 C. 

Eight skin temperature studies and 8 oxygen 
tension studies were made on each of the 4 patients 
(table 1). The patients were kept comfortably 
warm. The period of oscillation was always pre- 
ceded and followed by a period in which the bed 
was immobile at the horizontal (fig. 1). The foot- 
up position was held at 5 degrees for 12 seconds. 
The foot-down positions were maintained 12 and 
20 degrees for 12 seconds and for 1, 2, and 5 
minutes. In any single experiment only 1 down- 
ward angle for 1 of the above periods of time was 
used. It took 27 seconds for the foot of the bed 
to move between the 5-degree foot-up angle and 
the 12-degree foot-down angle, and 40 seconds to 
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TABLE 1.—Changes in Temperature and Oxygen Tension of Skin of Toes of Patients on the 
Oscillating Bed 


Temp. change 
tips of toes (°C.) 


Series Foot-down angles and timing 


Temp. change 


Oxygen tension change, 
bases of toes (°C.) 


bases of toes (%) 





12°, 0.2 min. 
12°, 1.0 min. 
12°, 2.0 min. 
12°, 5.0 min. 
20°, 0.2 min. 
20°, 1.0 min. 
20°, 2.0 min. 
20°, 5.0 min. 


Oscillating: 
Oscillating: 
Oscillating: 
Oscillating: 
Oscillating: 
Oscillating: 
Oscillating: 
Oscillating: 


48 
55 
79 
10 
19 
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Not oscillating: horizontal — 
Oscillating: Average of 5 
readings taken after 5.0 
min., 20° foot-down posi- 
tion, compared with av- 
erage of 5 readings taken 
after intervening 2 min. 
foot-up position 


Not oscillating: 20° 


Not oscillating: horizontal 
intermittent 33 mm. Hg 
venous occlusion 5.0 
min. cycles 
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differs from zero due to random sampling variation only. 

The oxygen tension changes, expressed as the ratio of the experimental period observation to the aver- 
age control period observation, were subjected to a logarithmic transformation before statistical analysis. 
The mean responses have been converted back to per cent change in the table. 


move between the 5-degree foot-up angle and the 
20-degree foot-down angle. 

When temperature of the skin was being meas- 
ured, oscillation of the bed was started as soon 
as the skin temperature of the toes had stabilized. 
The first control period averaged 78 minutes, the 
experimental period 47 minutes, and the second 
control period 18 minutes. For the oxygen tension 
experiments 40 minutes were allowed for each of 
the 3 periods. The changes induced during any 
experiment were calculated by comparing the read- 
ing recorded at the end of the period of oscillation 
with the average of the readings obtained at the 
end of the 2 control periods. All results are re- 
ported as average changes. 

Series II. The second series of experiments 
planned to clarify the details of the results of the 
first series, were of 4 types: (a) measurements with 
the bed horizontal, omitting the oscillating period, 
(b) measurements of the changes in skin tempera- 
ture and oxygen tension during each cycle of the 


oscillating bed, (c) measurements of the effect of 
the constant foot-down position without oscillation, 
and (d) learning the effect of venous pressure per 
se on the readings of the oxygen electrode. Cuta- 
neous oxygen tension was recorded throughout all 
these experiments; some cutaneous temperatures 
were also recorded. In (a) the same patients were 
studied as in the first series of experiments; in 
(b), (ce), and (d) some substitutions of patients 
were made, but all had previously been shown by 
vasodilatation test to have capacities for blood flow 
strictly comparable with those previously studied. 
Their range of skin temperature at full vasodilata- 
tion in a 20 C. constant temperature room was be- 


tween 25.4 and 28.8 C. 


RESULTS 
General 
All results are summarized in table 1. Since 
there was no significant relationship between 
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responses of toes of 1 foot and of all feet, 
when angles and timing were unchanged, re- 


sponses of all toes are considered samples of 
a single population. The 3 types of response 
listed are the change in temperature of the 
skin of the tips of the toes, the change in 
temperature of the skin of the bases of the 
toes, and the per cent change in oxygen ten- 
sion of the skin of the base of the toes. 


Series I 

The responses to the 20-degree dependent 
position are consistently and significantly 
more marked than to the 12-degree dependent 
position. For example, the greatest response 
in temperature of the tip of the toe to the 
20-degree foot-down angle was significantly 
greater than the greatest response to the 12- 
degree angle (p < 0.001). 

For a given angle, the temperature re- 
sponses tend to increase as the time of de- 
pendeney is increased, whereas the oxygen 
tension responses are about the same for all 
3 eyele times greater than 12 seconds. 

Of the combinations in series I, 20-degree 
dependency for 5 minutes produced the great- 
est response by all 3 types of measurement in 
which case the average increase in skin tem- 
perature of the tips of the toes represents an 
inerease in blood flow to approximately 13 
ml. per 100 ml. of tissue per minute from a 
control flow of 6 ml. per 100 ml. of tissue per 
minute.?! 


Seric s II 


a. With the bed horizontal for 120 minutes, 
oxygen tension of the skin was measured 
throughout experiments on the 4 original pa- 
tients. It decreased 9 per cent. Although 
this is not statistically significant (p — 0.06), 
it suggests a slightly lessened flow during pro- 
longed horizontal immobility. 

b. The separate effect upon oxygen tension 
of the foot-down and the foot-up part of each 
cycle was measured throughout experiments 
performed on 2 patients (1 a substitute). The 
20-degree foot-down position was used for 5 
minutes. The foot-up period was extended 
to 1 minute to provide time for all 4 electrodes 
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to be read. Each total cycle lasted 7 minutes ; 
5 eyeles were studied in each experiment. In 
order to avoid variations in times of polariza- 
tion of the electrodes, 344 minutes were al- 
lowed to elapse between readings taken in the 
foot-up and in the foot-down positions. In 
all but 1 of the 10 cycles the oxygen tension 
was greater in the foot-down position than in 
the foot-up position. However, the degree of 
the effect differed widely in the 2 patients: 
in the first the mean oxygen tension in the 
foot-down position was 57 per cent greater 
than in the foot-up position, whereas in the 
second it was 2.8 per cent. The average of 
all the data is an increase of 20.3 per cent, 
which is not statistically significant. 

c. The effects of a constant foot-down angle 
of 20 degrees without oscillation on 4 patients 
(1 a substitute) were measured in 11 experi- 
ments on skin temperature and 4 on oxygen 
tension. The duration of the experimental 
periods and of the preceding and succeeding 
control periods were the same as in the 20- 
degree angle experiments in series I. The 
skin temperature of the tips of the toes in- 
creased significantly (p — 0.01) as did the 
skin temperature at the base of the toes (p 
= 0.001); oxygen tension increased very 
significantly (p = 0.001). The results are 
in general similar to those from oscillations 
at 20-degree dependency for 5 minutes. How- 
ever, the change in tip skin temperature was 
significantly smaller (p — 0.01), the change 
in base skin temperature was significantly 
greater ( p = 0.02), and the oxygen tension 
change was about the same. 

d. Whether dilatation of capillaries caused 
by inereased venous pressure in the dependent 
foot might of itself affect oxygen electrode 
readings was studied in 3 patients (2 sub- 
stitutes). Even though oxygen tension re- 
mained constant, we considered the possibility 
that an error might arise from a shortened 
diffusion distance from distended capillaries 
to electrode. In order to check this possibility 
the following experiment was performed. 
Each patient was kept in the horizontal posi- 
tion for 40 minutes. The increment of pres- 
sure that would result from a 20-degree tilt, 
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33 mm. Hg, was applied for 5 minutes by a 
cuff placed at the ankle, followed by a 5- 
minute period of release of pressure. Pressure 
was applied for a total of 12 times. Readings 
of oxygen tension were taken every 3 minutes 
throughout and no significant changes were 
observed during the application of pressure. 


DISCUSSION 


The factors involved are probably mainly 
those of hydrostatic pressures and vasomotor 
tone. When the body is tilted downward at 
the foot, there must be increments in arterial 
pressure at all points below the heart, and 
equal increments in the veins, unless venous 
valves close. As the veins fill, the valves open 
if they were closed, and the increment in 
hydrostatic pressure becomes equal in veins 
and arteries at any particular distance below 
the heart. If vasomotor tone is unchanged, 
a resulting dilatation of vessels decreases re- 
sistance, and flow increases even with an un- 
changed arteriovenous pressure difference. 
The increased flow continues until the foot is 
elevated, unless vasoconstriction should abol- 
ish the hydrostatie dilatation, and in our ex- 
periments it did not. If the valves do close 
during early dependence, there will be an 
increase in arteriovenous pressure difference 
until they again open, and this will contribute 
temporarily to an increase in flow. Such a 
rise in arteriovenous pressure difference would 
account for only a part of the measured in- 
crease in flow, because it would not explain 
the augmented flow as duration of dependency 
increases. More information about this might 
be gained from measurements of venous pres- 
sure, or by noting the flow of radiopaque sub- 
stances in the veins. 

When patients with severely ischemic limbs 
are treated on an oscillating bed, more than 
1 minute of dependency at a 20-degree angle 
is required for the pink color of the foot to 
return. It is not surprising that the more 
prolonged foot-down positions resulted in the 
greater increments in temperature and oxygen 
tension. 


Although the responses during 40 minutes 


of continuous dependency at a 20-degree angle 
are marked, and comparable to those obtained 
during 40 minutes of oscillation to this angle 
with 5-minute foot-down, we have not studied 
this further. The oscillating bed has, when 
such a steep angle is used, the great clinical 
advantages over the constant foot-down posi- 
tion of avoiding hydrostasis, edema formation, 
and possible venous thrombosis. Previously, 
moderate increases in oxygen tension were 
demonstrated by using as small a constant 
foot-down angle as 5 degrees (7-inch elevation 
of the head of the bed), a constant foot-down 
angle that has less risk.* 

The oscillating bed may have another ad- 
vantage over the constant foot-down position ; 
it may lessen the sludging of blood in ischemic 
limbs. If an ischemic limb is raised and then 
lowered, the time for return of color is greater 
than that in a normal limb that has the same 
vasomotor tone. If the procedure is then re- 
peated, the time for return of color is less. 
This suggests that cyclic elevation and de- 
pendence has flushing action, combating a 
tendency to sludging. 

Neither the interrupted closure method for 
measuring changes in oxygen tension nor the 
estimation of flow in skin by the temperature 
method lend themselves to repeated measure- 
ments during a single cycle of less than 2 
minutes, and we did not attempt to analyze 
changes during such a short single cycle. 

In our experiments changes in oxygen ten- 
sion probably resulted for the most part from 
changes in blood flow, because changes in 
blood flow were usually demonstrable, the 
limbs were at rest and oxygen utilization is 
presumed to have been constant, and venous 
pressure per se of this order of magnitude 
seemed not to affect the readings of oxygen 
tension. In the venous pressure experiments, 
skin temperature was not measured, and it is 
possible that blood flow decreased and ecapil- 
lary permeability increased concomitantly. So, 
it may be that some of the oxygen tension of 
the tissue resulted from changes in eapillary 
permeability, or from shortening of the oxy- 
gen gradient from capillaries to the electrode 
tip. 





SUMMARY 

Experiments were performed upon the 
ischemic feet of patients with occlusive ar- 
terial disease in order to learn whether an 
adjustable oscillating bed will increase blood 
flow as measured by an increase of the tem- 
perature of the skin of the toes and of cutan- 
eous oxygen tension as estimated by the 
polarographic technic. 

The effect of 2 angles of downward inclina- 
tion, 12 and 20 degrees, and of various timings 
was studied. The greatest increase in the 
temperature of the skin of the toes and of 
cutaneous oxygen tension resulted after the 
greater angle and the most prolonged foot- 
down position of 5 minutes. These increases 
were significant at a probability of 0.05 or 
less. Intermittent venous occlusion had no 
significant effect on the oxygen tension. 

It is concluded that the oscillating bed in- 
creases the flow of blood and the supply of 
oxygen to the ischemic foot if a considerable 
foot-down angle of the bed is maintained for 
a prolonged period during each cycle of the 
oscillation. 

The clinical advantages of the oscillating 
bed over the constant foot-down position, in 
particular the avoidance of hydrostasis, edema 
formation, and possible venous thrombosis, 
are mentioned. 


SuMMaARIO IN INTERLINGUA 

Esseva effectuate experimentos con le pedes 
ischemic de patientes con occlusive morbo 
arterial, con le objectivo de determinar si le 
uso de un regulabile lecto oscillante resulta 
in un augmento del fluxo de sanguine, me- 
surate como un altiamento del temperatura 
cutanee in le digitos del pede e como un eleva- 
tion del cutanee tension oxygenie (super le 
base de estimationes obtenite per medio del 
technica polarographic). 

Le effecto de 2 differente angulos de inclin- 
ation in basso—12 grados e 20 grados—e etiam 
le effecto de varie durationes esseva studiate. 
Le augmento maxime del temperatura cutanee 
del digitos del pede e del cutanee tension oxy- 
genic resultava quando le plus grande del duo 
angulos e le plus grande prolongation del 
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abassation del pede—i.e. 5 minutas—esseva 
usate. Le effectos esseva significative con un 
probabilitate de 0,05 o minus. Intermittente 
occlusion venose habeva nulle effecto significa- 
tive super le tension oxygenic. 

Es formulate le conclusion que le lecto 
oscillante augmenta le fluxo de sanguine e le 
provision de oxygeno in un pede ischemic, 
providite que le angulo de abassamento del 
pede es considerabile e es mantenite durante 
un intervallo prolongate in le curso de omne 
eyelo de oscillation. 

Es mentionate le avantages clinic del lecto 
oscillante in comparation con le abassation 
constante del pede. Istos include specialmente 
le evitation de hydrostase, de formation de 
edema, e possibilemente de thrombosis venose. 
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Because of the variability in oxygen saturation of venous blood within the normal 
heart, a method of withdrawing repeated blood samples in rapid succession through a 
cuvette oximeter, an instrument of high relative accuracy, has been developed for use 
during cardiac catheterization in an attempt to reduce the effects of incomplete mixing 
and changing cardiac output to a minimum. This presentation is an analysis of the 
data on oxygen saturation of blood obtained in this manner in an adequate series of 
unanesthetized, ambulatory, healthy, adult subjects. In addition to defining the mean 
and ranges of oxygen saturation within the right chambers of the heart and great vessels 
and the differences in the oxygen saturation of blood from these various sites, it has 
been possible to make some inference as to the relative importance of changes in cardiac 
output and laminar flow (incomplete mixing) on the variability of the values obtained 
at these various sites. 
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The Nitrous Oxide Test 
An Improved Method for the Detection of Left-to-Right Shunts 


By ANnpREw G. Morrow, M.D., F.A.C.S., Ricuarp J. SANpEers, M.D., 
AND EUGENE BRAUNWALD, M.D. 


The diagnosis of a left-to-right shunt generally depends upon the demonstration of signifi- 
cant differences in oxygen content among the venae cavae, the chambers of the right heart, 
and the pulmonary artery. The inconclusive or misleading results sometimes obtained with 
this method have stimulated interest in improved technies. The wide arteriovenous dif- 
ference that normally exists during the inhalation of nitrous oxide has been studied in the 
development of a more accurate diagnostic approach. The superiority of the nitrous oxide 


test over the oxygen method is demonstrated. 


z THE past, the detection of intracardiac 
and extracardiae left-to-right shunts has 
been based upon differences in the oxygen 
content of blood obtained from the venae 
cavae, right atrium, right ventricle, and pul- 
monary artery. Since relatively large dif- 
ferences in oxygen content may exist in 
these areas in subjects without shunts,'* the 
oxygen method sometimes provides inconelu- 
sive or even misleading diagnostic informa- 
tion. The inhalation of nitrous oxide, an 
inert foreign gas, and the subsequent meas- 
urement of its concentration in arterial and 
right heart blood provides a new diagnostic 
approach in which the difficulties inherent in 
the oxygen method are largely obviated. This 
communication presents the theory, technic, 
and diagnostic applications of the nitrous 
oxide test, and a comparison of the nitrous 
oxide and oxygen methods in the detection 
of left-to-right shunts. The clinical study to 
be presented is an extension of the technic 
devised and experimentally evaluated by 
Callaway.4’ 

Kety and Schmidt® observed that immedi- 
ately following nitrous oxide inhalation, 
cerebral tissue absorbed large quantities of 
the gas and a substantial arteriovenous dif- 
ference existed until tissue saturation neared 
completion. Figure 1 demonstrates that a 
similar arteriovenous difference exists when 
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TIME -MINUTES 


Fig. 1. Nitrous oxide levels in the femoral artery 
and pulmonary artery of a patient without a left-to- 
right shunt. Fifteen per cent nitrous oxide was in- 
haled for 10 minutes. 


pulmonary artery blood is used instead of 
jugular vein blood. During the first minute 
of inhalation the coneentration of nitrous 
oxide in right heart blood is low, since its 
appearance is delayed by tissue absorption. 
In the presence of a left-to-right shunt, blood 
from the left heart, rich in nitrous oxide, 
raises the level in right heart blood thereby 
making the detection of shunts possible. 


MATERIAL AND METHODS 


A total of 208 satisfactory nitrous oxide tests 
in 184 patients in whom the diagnosis was con- 
lirmed, forms the basis of this report. Most of 
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the patients were adults; 53 had left-to-right 
shunts, 43 at the atrial, 5 at the ventricular, and 
5 at the pulmonary artery level. The diagnosis 
in the patients with shunts was established at 
operation in 29, by the passage of a catheter 
across the defect into the left heart in 19, and by 
retrograde thoracic aortography or dye-dilution 
studies with left heart injection in 5.2 The 131 
control patients without shunts all had valvular 
rheumatic heart disease. This diagnosis was 
established by clinical examination as well as right 
and left heart catheterization.” ° More than half 
of these patients were operated upon and the ab- 
sence of a shunt was further confirmed. In all 53 
patients with shunts and in 96 of the 131 patients 
without shunts right heart blood samples were 
analyzed for oxygen content. 

Technic. Nitrous oxide tests were performed by 
placing the tip of a cardiae catheter in the right 
atrium, right ventricle, or pulmonary artery and 
a needle in a peripheral artery. Specimens for 
nitrogen blank determination were obtained before 
administration of nitrous oxide. The patient was 
instructed to breathe a mixture of 15 per cent 
nitrous oxide, 21 per cent oxygen, and 64 per cent 
nitrogen as deeply and as rapidly as possible. The 
gas was administered with a mask or mouthpiece 
and a Collins 3-way respiratory valve. Patients 
under general anesthesia were hyperventilated by 
manual compression of the breathing bag. Five- 
or 10-ml. blood samples were then simultaneously 
drawn at a constant rate from the right heart and 
peripheral artery during the 60 seconds of gas 
inhalation. Early in the series another sample 
proximal to any shunt was collected from the vena 
‘ava or a peripheral vein. As will be indicated, 
this sample was found unnecessary. <A 10-minute 
period for desaturation was allowed when the test 
was to be repeated in another chamber. A double- 
lumen catheter was sometimes employed to shorten 
the procedure by sampling from 2 chambers simul- 
taneously. Blood samples for oxygen analysis 
were obtained after the nitrous oxide tests had 
been completed. In general, 3 samples each were 
drawn from the pulmonary artery, right ventricle, 
and right atrium and 2 from each vena eava. In 
10 of the 149 patients in whom specimens for 
oxygen content were obtained, the inferior vena 
‘ava could not be entered and in 10 patients pul- 
monary artery blood was not sampled. The 
oxygen contents to be presented in figure 4 rep- 
resent the mean values of all specimens obtained 
in each site. The mixed vena caval oxygen content 
in the 109 patients in whom both cavae were en- 
tered was calculated by weighting the inferior caval 
values as twice the superior caval values. 

Oiled, heparinized syringes were employed and 
air contamination was prevented with mereury- 
filled syringe caps. Nitrous oxide content was 
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Fic. 2. Nitrous oxide samples from the venous 
system, right heart, and a peripheral artery in pa- 
tients with and without left-to-right shunts. Nitro- 
gen blank values have been subtracted. 


determined by a modification of the Van Slyke 
manometric method.” ” Oxygen contents were de- 
termined by the method of Van Slyke and 


MeNeill.” 
RESULTS 

Nitrogen Blanks. Since the manometric 
method does not distinguish dissolved nitro- 
gen from nitrous oxide, blank samples are 
necessary to determine the nitrogen content 
of the blood prior to each nitrous oxide test. 
No systematic difference was found among 


nitrogen blank values in systemic artery, pe- 
ripheral vein, or right heart blood in any 
given patient. 


The average of the 2 or 3 
blank values in each patient was therefore 
used in all ecaleulations. This average value 
for all patients ranged from 0.50 to 1.97 vol- 
ume per cent with a mean of 1.30 + 0.18 
volume per cent. No difference in blank 
values existed between control patients and 
those with shunts. Six patients in whom the 
difference between simultaneous blanks ex- 
ceeded 0.40 volume per cent were excluded 
from the study, since this large difference 
made sampling or analytie technics suspect. 

Nitrous Oxide Sample. The nitrous oxide 
sample, as used in this presentation, refers to 
the nitrous oxide content of the specimen less 
the blank value. In the control patients the 
range and seatter of nitrous oxide samples 
were widest in the peripheral vein and pro- 
gressively narrowed as the pulmonary artery 
was reached (fig. 2). 
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Fic. 3. A, Top. Relation between right atrial and 
arterial nitrous oxide samples in patients with and 
without left-to-right shunts. Broken diagonal lines, 
RA/A ratios. B, Bottom. Relation between pulmonary 
artery or right ventricular and arterial nitrous oxide 
samples in patients with and without shunts. 


As would be anticipated, the patients with 
left-to-right shunts had peripheral venous and 
vena caval samples similar to the control 
patients (fig. 2 A and B). However, 39 of 
the 43 patients with shunts at the right atrial 
level had right atrial nitrous oxide samples 
between 1.06 and 3.39 volumes per cent. The 
highest right atrial sample among the control 
patients was 0.88 volume per cent. Thus, all 
but 4 of the patients with shunts had samples 
greater than the right atrial sample of any of 
the 83 control patients (fig. 2C). All 24 pa- 
tients with shunts who had pulmonary artery 
or right ventricular tests had samples exceed- 
ing 0.64 volume per cent; the highest pul- 
monary artery or right ventricular sample of 
the 58 control patients was 0.47 volume per 
cent (fig. 2D). The systemic artery nitrous 
oxide samples ranged from 1.60 to 4.62 vol- 
umes per cent with a mean of 3.04 + 0.59 
volumes per cent. No systematic difference 
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Fig. 4. Differences in oxygen content between right 
heart chambers and venae cavae in patients with and 
without shunts. IVC (-) SVC average = 0.94 + 
1.51 volume percent (all patients). RA (-) Mized VC 
average = (-) 0.41 + 0.96 volume per cent (non- 
shunt patients). RV (-) RA average = 0.01 + 0.95 
volume per cent (non-shunt patients). PA (-) RV 
average = 0.23 + 0.53 volume per cent (non-shunt 
patients). 


existed between the arterial nitrous oxide 
levels of patients with and without shunts 
(fig. 2E). 

Relation between Arterial and Right Heart 
Nitrous Oxide Samples. In control patients 
high arterial nitrous oxide levels, reflecting 
better nitrous oxide uptake were, in general, 
associated with slightly higher right heart lev- 
els (fig. 34 and B). In patients with shunts 
the right heart nitrous oxide level distal to 
the shunt is determined to some extent by the 
venous level but primarily upon the quantity 
of shunted blood and its nitrous oxide content. 
Since the nitrous oxide content of shunted 
blood is identical to that of arterial blood, the 
ratio between right heart and arterial levels 
becomes meaningful and is therefore related 
In the 83 
control patients, the ratio between right atrial 
and arterial samples (RA/A 100) was less 
than 30 per cent in all but 1, in whom it was 
31 per cent. In 41 of the 43 patients with 
right atrial shunts the RA/A ratio was 


to the magnitude of the shunt. 


30 per cent or more. The other 2 patients had 
ratios of 29 per cent (fig. 3A). In the 58 con- 
trol patients with tests in the pulmonary ar- 
tery or right ventricle the highest PA/A or 
RV/A ratio was 16 per cent. All 24 patients 
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Fig. 5. A, Left. Comparison of oxygen differences with atrial nitrous oxide ratios in patients with 
and without left-to-right shunts in whom both tests were performed. B, Right. Oxygen differences 
compared with nitrous oxide ratios in the right ventricle or pulmonary artery in patients with and 


without shunts. 


with shunts had a PA/A or RV/A ratio of 20 
per cent or more (fig. 3B). 

Oxygen Samples. Figure 4 presents the dif- 
ferences in oxygen content between contigu- 
ous sites of sampling. The oxygen content of 
inferior caval blood exceeded that of superior 
caval blood in 83 of 109 patients (fig.44). In 
control patients the range and scatter of oxy- 
gen content between consecutive cardiac cham- 


bers fell progressively as the pulmonary ar- 
tery was reached. 


This range of difference 
was greatest between venae cavae and right 
atrium (fig. 4B). It diminished slightly be- 
tween right atrium and right ventricle (fig. 
4C), and was smallest between right ventricle 
and pulmonary artery (fig. 4D). These data 
confirm previous observations indicating in- 
complete mixing of blood in the cavae and 
right atrium.!* 

In all but 1 of the 43 patients with left-to- 
right shunts at the atrial level the oxygen 
content of right atrial blood exceeded that 
of vena caval blood. However, in 11 of these 
43 patients the oxygen content of right atrial 


blood did not exceed that of caval blood by 
1.5 volumes per cent or more. Among 93 con- 
trol patients 6 had a right atrial blood oxygen 
content exceeding caval content by 1.5 vol- 
umes per cent or more (fig. 4B). Two of the 5 
patients with left-to-right shunts at the right 
ventricular level and 1 of the 5 patients with 
shunts into the pulmonary artery did not 
have oxygen differences exceeding 1.0 volume 
per cent (fig. 4C). Among 94 control patients, 
11 had increases of 1.0 volume per cent or 
more between the right atrium and right ven- 
tricle and 4 of 86 controls had increases of this 
magnitude between the right ventricle and 
pulmonary artery. 

Comparison between the Oxygen and Nitrous 
Oxide Methods. In figure 5A the differences 
in oxygen content between vena caval and 
right atrial blood have been plotted against 
the nitrous oxide RA/A ratios in the 122 pa- 
tients in whom both tests were performed. 
For purposes of comparison, an oxygen in- 
crease of 1.5 volumes per cent between the 
eaval and right atrial blood and an RA/A 
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ratio of 30 per cent have been employed as 
standards for the diagnosis of a shunt at the 
atrial level. With these criteria there were 
5 false positive tests with the oxygen method 
and 1 false positive test with the nitrous 
oxide method in the 79 control patients. In 
the 43 patients with proved shunts at the 
atrial level there were 11 false negative tests 
with the oxygen method and 2 false negative 
nitrous oxide tests. Thus, the oxygen method 
resulted in 16 diagnostic errors and the 
nitrous oxide method in 3. 

It is also apparent from figure 5A that all 
3 diagnostic errors in the nitrous oxide tests 
occurred in patients with RA/A ratios be- 
tween 29 and 31 per cent, close to the diagnos- 
tic level set at 30 per cent. In contrast, 9 of the 
15 diagnostic errors in the oxygen method oc- 
curred in patients in whom the oxygen dif- 
ferences were more than 0.5 volume per cent 
from the somewhat arbitrary diagnostic line. 
A difference of 1.5 volumes per cent was se- 
lected because it is the standard generally 
accepted and represented a judicious balance 
between false positive and false negative oxy- 
gen results. It may be noted that if an oxy- 
gen increase of 1.0 volume per cent had been 
employed as the diagnostic criterion there 
would be a total of 13 diagnostic errors, and 
if 2.0 volumes per cent was chosen, there 
would be 22 errors. 

In figure 5B the differences in oxygen con- 
tent between right atrial and right ventricular 
blood and between right ventricular and pul- 
monary artery blood are plotted against the 
nitrous oxide ratios in the 27 patients who had 
both tests. Diagnostic criteria selected for 
these areas were an oxygen increase of 1.0 
volume per cent or more and an RV/A or 
PA/A ratio of 20 per cent or more. In the 
17 control patients there were 3 false positive 
tests with the oxygen method and none with 
nitrous oxide. In the 10 patients with shunts 
there were 3 false negative tests with the oxy- 
gen method and none with nitrous oxide. Thus, 
in these 27 patients the oxygen method re- 
sulted in 6 diagnostic errors and the nitrous 
oxide test in none. 
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Discussion 
Errors in the performance of the nitrous 
oxide test relate to the administration and 
uptake of the gas as well as to the collection 
and chemical analysis of the blood samples. 


An adequate uptake of nitrous oxide is essen- 
tial but may be prevented by a large leak 
around the mouthpiece, hypoventilation, or 
severe pulmonary parenchymal disease. When 
the test is performed in an anesthetized pa- 
tient, the anesthesiologist must provide hyper- 


ventilation and of course cannot employ 
nitrous oxide as the anesthetic agent prior to 
the test. 

Small differences in the nitrous oxide con- 
tent of superior caval, inferior caval, and cor- 
onary sinus blood and and incomplete mixing 
of these streams in the right atrium intro- 
duce an element of variability into the results 
of the test. However, this source of error is 
not so great as in the oxygen method, since 
the differences in the oxygen content of the 
right atrial tributaries are greater than the 
variations in their nitrous oxide content. 

An important potential source of error is 
improper positioning of the catheter. When 
the test is performed in the right atrium, the 
catheter tip must be placed close to the tri- 
cuspid valve to insure that the sample will be 
drawn from an area distal to the entrance of 
any shunt at this level. Should the catheter 
inadvertently be passed through a defect into 
the left atrium, a nitrous oxide sample equal 
to the arterial will be obtained. Another test 
in the pulmonary artery or right ventricle will 
indicate whether a true atrial septal defect 
exists or whether the catheter passed through 
a nonshunting patent foramen ovale. 

Contamination of the blood samples by air 
and excessive suction on the sampling syringe 
should be avoided, since either can falsely 
lower the nitrous oxide content of the sample. 
Blood must be drawn at a constant rate dur- 
ing the sampling period, since both the ar- 
terial and venous nitrous oxide contents are 
changing throughout this period (fig. 1). The 
difference between duplicate Van Slyke 
nitrous oxide determinations in this laboratory 
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is ordinarily less than 0.10 volume per cent. 

Since the errors inherent in the technies of 
sampling and analysis are independent of 
the arterial nitrous oxide level, they assume 
greater significance when the ratio is caleu- 
lated with a low arterial sample. For ex- 
ample, an error of 0.20 volume per cent in a 
right heart sample represents 10 per cent of 
an arterial level of 2.00 volumes per cent, but 
only 5 per cent of an arterial level of 4.00 
volumes per cent. Fifteen nitrous oxide tests 
were eliminated from the series because of 
arterial levels less than 1.50 volumes per cent. 
Seven of these unsatisfactory tests were at- 
tributed to hypoventilation. The other 8 
tests were performed in ecyanotie patients 
with right-to-left shunts. In these patients 
pulmonary venous blood, with a high nitrous 
oxide level, was presumably diluted by right 
heart blood with a low level and thereby low- 
ered the arterial content. Thus, in the pres- 
ence of a large right-to-left shunt, the ar- 
terial nitrous oxide content may not ac- 
curately reflect the content of blood that has 
been shunted from left to right. Therefore, 
the right heart arterial nitrous oxide ratio 
(fig. 3) can no longer be relied upon. How- 
ever, in such circumstances, the absolute level 
of nitrous oxide in right heart blood (fig. 2) 
may still be useful in the detection of left-to- 
right shunt. 

The vena caval and peripheral venous 
nitrous oxide samples were originally ob- 
tained for comparison with the sample from 
the right heart, much as caval and right 
atrial oxygen contents are compared. How- 
ever, it was apparent that in the absence of 
a shunt the nitrous oxide content of right 
atrial blood was relatively constant and less 
than 30 per cent of the arterial content (fig. 
3). When this maximum value had been 
established, it was no longer necessary to 
sample the cava or peripheral vein. Further- 
more, the inclusion of caval and peripheral 
venous samples did not improve the diagnostic 
accuracy of the method. 

The superiority of the nitrous oxide test 
over the oxygen method, as demonstrated in 
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figure 5, is related to several factors. The 
oxygen content of right heart blood varies 
markedly among different individuals and in 
the same subject at different times. There- 
fore, blood proximal to any shunt must al- 
ways be sampled. This may lead to errors 
in the diagnosis of atrial septal defects be- 
cause caval blood is poorly mixed and lam- 
inar flow is present, particularly from the 
renal veins.12 The sampling of renal vein 
blood with its high oxygen content may mask 
the presence of a shunt into the right atrium. 
In some patients the catheter cannot be 
passed into the inferior vena cava. It has 
been demonstrated (fig. 44) that the oxygen 
content of superior caval blood is generally 
lower than inferior caval blood. Hence, a 
comparison of superior caval and atrial blood 
could lead to the false diagnosis of an atrial 
shunt. In 3 of the 5 false positive oxygen 
tests only the superior cava could be sampled 
(fig. 54). Further error in the oxygen 
method is introduced by the variations in the 
patient’s physiologic state that occur during 
the time required for complete sampling. 
This source of error is also obviated with the 
nitrous oxide tests, since the 2 samples re- 
quired are drawn simultaneously. An added 
practical advantage of the nitrous oxide over 
the oxygen method is that fewer samples and 
analyses are necessary. 

Modifications of the nitrous oxide test in- 
volving different gas concentrations, sam- 
pling periods, and ventilatory states are be- 
ing investigated. The test may be further 
improved by the use of other inert gases that 
are presently being evaluated. Since it is 
apparent that the nitrous oxide ratio is a 
function of the contribution of the shunt to 
total pulmonary flow, consideration is being 
given to the application of nitrous oxide in the 
quantitation as well as the detection of left- 
to-right shunts. 


DraGNostic CRITERIA 
The diagnostic criteria currently employed 
in the application of the nitrous oxide test 
may be summarized. In the right atrium, 
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an RA/A ratio above 30 per cent is consid- 
An RA/A ratio 


below 25 per cent indicates the absence of a 


ered diagnostic of a shunt. 


shunt; ratios between 25 per cent and 30 per 
A PA/A 


or RV/A ratio above 20 per cent is diagnos- 


cent are considered inconclusive. 


tic of a shunt, while the absence of a shunt 
is indicated by a ratio below 15 per cent. 
Pulmonary artery or right ventricular tests 
with ratios between 15 per cent and 20 per 
cent are considered inconclusive. An arterial 
level of at least 1.5 volumes per cent is neces- 
sary for a valid test. 


SUMMARY 


An improved method for the detection of 
left-to-right cardiac shunts is presented. Fif- 
teen per cent nitrous oxide is inhaled for 1 
minute while integrated blood samples are 
drawn simultaneously from the right heart 
and a systemic artery. The technic, diagnos- 
tie criteria, and sourees of error of this 
method are presented in detail. 

In 41 of 43 patients with proved shunts at 
the atrial level, the ratio of right atrial to 
(RA/A) ex- 


ceeded 31 per cent, the highest value observed 


arterial nitrous oxide content 


in 83 control patients. In all 24 patients with 
proved shunts the ratio PA/A or RV/A ex- 
The highest PA/A or 
RV /A ratio in 58 patients without shunts 


ceeded 20 per cent. 


was 16 per cent. 

rl ® 2 

lhe nitrous oxide test was demonstrated to 
be distinctly superior to the oxygen method. 
In 149 patients in whom both tests were per- 
formed, there were 22 diagnostic errors on 
the basis of oxygen differences and 3 errors 
with the nitrous oxide test. 


SUMMARIO IN INTERLINGUA 


Es presentate un meliorate methodo pro 
le detection de derivation cardiac sinistro- 
dextere. Oxygen nitrose in un concentration 
de 15 pro cento es inhalate durante 1 minuta, 
e simultaneemente specimens de sanguine in- 
tegrate es obtenite ab le corde dextere e ab 
un arteria systemic. Le technica, le criterios 
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error in iste 
methodo es presentate in detalio. 


diagnostic, e le causas de 


In 41 ex 43 patientes con demonstrate de- 
rivationes al nivello atrial, le proportion in- 
ter le oxydo nitrose dextero-atrial e le oxydo 
nitrose arterial excedeva 31 pro cento (le 
valor maximal observate in 83 patientes de 
controlo). In 24 ex 24 patientes con demon- 
strate derivationes le proportion inter le oxy- 
do nitrose pulmono-arterial e le oxydo nitrose 
arterial o inter le oxydo nitrose dextero-ven- 
tricular e le oxydo nitrose arterial excedeva 
20 pro cento. (Le valor maximal observate 
in 58 patientes sin derivationes esseva 16 
pro cento.) 

Le test a oxydo nitrose se monstrava clar- 
mente superior al methodo a oxygeno. In 
149 patientes in qui ambe tests esseva execu- 
tate, 22 errores diagnostic haberea resultate 
del test a oxygeno, 3 del test a oxydo nitrose. 
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before and after administration of potassium salts. During a 7 month period 557 cases 
manifesting hypokalemia were encountered in 2786 potassium determinations. The 
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Anesthesia in Patients with Heart Disease 


By Leroy D. Vanpam, M.D., ann Tuomas K. Burnap, M.D. 


HE consensus among internists, surgeons, 

and anesthetists today is that patients 
with heart disease fare well when anes- 
thetized. Although this is primarily a 
clinical impression, there is a growing vol- 
ume of literature to support this thesis. One 
must distinguish, however, between patients 
with heart disease who are undergoing sur- 
gery on other organ systems and those who 
are to undergo cardiae surgery itself. It is 
not easy to gather data on this subject be- 
cause of the difficulty in comparing anes- 
thetic morbidity and mortality in like groups 
of patients. For example, one clinie might 
examine the results of an anesthetic technic 
employed for mitral valvuloplasty and find 
no mortality, whereas another group might 
find the mortality to be 15 or 20 per cent. 
The explanation for this difference probably 
would be that in the first report the individ- 
uals anesthetized and operated on had rela- 
tively benign mitral stenosis while in the 
second, the patients might have fallen into a 
group IV functional classification. Thus the 
first consideration in evaluating the effects 
of anesthesia must be the severity of the heart 
disease. 

In discussing anesthetic agents and tech- 
nies it is well to remember that usually it is 
the skill with which an anesthetic is given 
rather than the choice of a particular agent 
that determines the safety of the procedure. 
Likewise the other phases of the operation 
are just as important as the anesthetic in the 
outcome. It should not be forgotten that 
anesthesia is but a small part of the total 
surgical experience.2 The patient with heart 
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disease often undergoes a relatively long 
period of medical preparation. Before op- 
eration he may be beset with great anxiety. 
Preoperative medication is given to counter- 
act this. Immediately prior to operation there 
is starvation and then the administration of 
the anesthetic. The patient then undergoes a 
surgical procedure that has many conse- 
quences from the standpoint of the postop- 
erative course. Finally, after anesthesia and 
operation are over, there are many natural 
bodily responses to that which has gone be- 
fore. Among these various things it may be 
very difficult to discern the deleterious ef 
fects of the anesthetic agent or technic. 


It is the purpose of this brief review to 
delineate some of the factors in the total op- 
erative experience that may contribute to 
anesthetic morbidity and mortality. We shall 
discuss the role of preoperative preparation, 
of preanesthetic medication, of the anesthetic 
agent and technic, and the operation itself in 
the problems that are encountered during 
anesthesia. An understanding of these mat- 
ters enables the internist to prepare his pa- 
tient for anesthesia and operation rationally. 


MepicaL PREPARATION OF THE PATIENT 

The very drugs that are employed to bring 
the patient into the best possible state before 
operation are often the ones that create diffi- 
culty during anesthesia. The use of digitalis 
is perhaps the best example. It is well known 
that it is difficult to achieve just the right 
amount of digitalization in the very ill ecar- 
diac patient. Inadequate or ‘‘overdigitali- 
zation,’’ not previously recognized, will pose 
considerable problems for the anesthetist. If 
a patient is on the verge of toxicity, it re- 
quires just a little extra stress during induc- 
tion or maintenance of anesthesia to produce 
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inereasing degrees of heart block, serious 
ventricular arrhythmias, and even cardiac 
arrest. Induction of anesthesia may be likened 
to the effect of any stress, such as exercise, 
in revealing digitalis toxicity. Despite the 
best preparation and management as far as 
anesthesia is concerned, respiratory obstruc- 
tion, excitement, and breath-holding may 
precipitate the difficulties enumerated above. 
Perhaps the most unpredictable patient in 
this regard is the patient who is ‘‘digital- 
ized’’ just the day before operation. It hard- 
ly seems possible that adequate digitaliza- 
tion, enough to withstand the stresses of an- 
esthesia and operation, can be accomplished 
in such a short period of time. 

In the case of inadequate digitalization the 
prospect of rapid heart rates, cardiac failure, 
and pulmonary edema looms large. This is 
one reason why, prior to anesthesia, one tries 
to counteract anxiety as much as possible to 
avoid a rapid heart rate that may precipitate 
pulmonary edema. In the seriously ill ear- 
diae patient who has been given digitalis, 
electrocardiographie monitoring throughout 
the course of anesthesia and operation seems 
almost mandatory. If a tachycardia or ar 
rhythmia is observed, one needs the electro- 
cardiogram for accurate diagnosis and to 
choose the appropriate drug for treatment. 

Although we have written mainly about 
digitalis, it should be also pointed out that 
quinidine, procaine amide, the prior use of 
cortisone, serpasil, chlorpromazine, and anti- 
hypertensive drugs, all make the administra- 
tion of anesthesia more hazardous by the 
production of arrhythmias and_ hypoten- 
sion.* 5 

Another factor in the development of ar- 
rhythmias or hypotension during induction 
and maintenance of anesthesia is the practice 
of instituting vigorous diuresis prior to sur- 
gery in order to secure a ‘‘dry’’ body weight. 
Vigorous diuresis may not only lower the 
blood volume but may lead to electrolyte im- 
balanee, particularly with regard to sodium 
and potassium,® so that hypotension and seri- 
ous cardiac arrhythmias may ensue. The 
combinations of digitalis, electrolyte imbal- 


ance, and the effects of anesthetic agents on 
the circulation are so interrelated that it is 
surprising that more arrhythmias and hypo- 
tension are not seen. 


PREANESTHETIC MEDICATION 

It is the purpose of preanesthetic medica- 
tion to maintain the patient in good condition 
by allaying apprehension and to counteract 
some of the undesirable effects of anesthesia, 
such as increased salivary secretions and un- 
toward vagal effects on the heart. The most 
commonly used premedicants are the barbit- 
urates, the analgesics, and the belladonna de- 
rivatives. One can never be certain, however, 
that the preanesthetic medications used may 
not exhibit their not uncommon side effects. 

The opiates and synthetic analgesics are 
particularly prone to cause hypotension in the 
good risk and even more so in the cardiac 
patient. It has been shown by many that hy- 
potension following their use is due to a 
combination of effects on central regulating 
mechanisms in the medulla, on myocardial econ- 
tractility, and on smooth muscle peripheral- 
ly.7 If a normal individual will faint on a 
change in position after the administration 
of morphine or meperidine (Demerol), one 
can easily predict the effect in the cardiac 
patient when he is transported to the op- 
erating room, moved from litter to operating 
table, and then placed in an unusual position 
on the operating table. Morphine and the 
other analgesics are needed for patients in 
pain and for the safe conduct of some an- 
esthetic technics. Their side effects, however, 
must be anticipated. Many patients have un- 
dergone cancellation of operation prior to 
the administration of anesthesia because of 
the hypotensive effect of these drugs. 

Atropine or its congeners are used com- 
monly to inhibit salivary secretion and to 
block untoward vagal influences on the heart 
during anesthesia and operation. A small 
quantity of atropine will inhibit salivary se- 
eretions. Scopolamine will accomplish this 
even better. When the problem is inhibition 
of the cardiac vagus, however, one encounters 
difficulty with the cardiac patient. The quan- 
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tity of atropine needed to block the vagus 
adequately is often unsafe for the heart 
patient in that tachyeardia and hypotension 
may be produced. If a patient is satisfactor- 
ily digitalized and the heart rate is slow, the 
administration of atropine may increase the 
pulse rate to hazardous levels. Large doses of 
atropine in addition to the muscarinic-block- 
ing on the heart interfere also with gangli- 
onic transmission in the autonomic nervous 
system. Thus the patient given a large dose 
of atropine may also evidence postural hypo- 
tension.*® 

In the prevention of tachycardia a possible 
side effect of meperidine on cardiac rate 
must be considered. This drug, which is a 
good analgesic and similar in most respects 
to morphine, has the additional property 
of producing vagal block. There have been 
instances wherein the use of meperidine has 
precipitated a rapid atrial rate and_ heart 
failure when given to patients with slower 
rates and atrial flutter.” 


These details about preanesthetic medica- 


tion are mentioned to emphasize their pos- 
sible untoward effects in the cardiac patient 
who is about to undergo anesthesia. These 


drugs can and must be used with caution. 
In moderate dosage the barbiturates are 
safest for avoidance of apprehension. The in- 
teraction of the tranquilizing and anesthetic 
drugs has.already been noted to produce un- 
desirable side effects.° Reserpine (Serpasil ) 
because of the slow rate of excretion must be 
discontinued many days before anesthesia 
lest hypotension supervene. Atropine, unless 
employed for the treatment of patients with 
complete heart block, should be used sparing- 
ly for the effect on salivary secretion. The 
same precautions apply to the employment 
of morphine or meperidine unless they be 
needed for the relief of pain. 


ANESTHETIC AGENTS 


All of the potent general anesthetic agents 
exhibit effects in common on the cardiovas- 
cular system. These agents are di-ethyl ether, 


cycloprépane, chloroform, di-vinyl ether, 
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ethyl chloride, and some of the newer flu- 
orinated compounds. While ether and cyelo- 
propane are used most frequently, it should 
be understood that all these agents decrease 
myocardial contractility in direct proportion 
to the blood level of anesthetic achieved. Or- 
dinarily hypotension is not perceived during 
anesthesia because of various compensating 
vascular refiexes. The effect on cardiac out- 
put of these agents is best seen in the heart- 
lung preparation where such reflexes are not 
brought into play.’° However, the deeper 
the level of anesthesia the more frequently 
is hypotension seen: particularly so in the 
patient with heart disease. Despite opinion 
to the contrary, overdosage with di-ethyl 
ether is a frequent cause of hypotension. Ac- 
cording to experiments in the dog, were it 
not due to a coincident reflex release of epi- 
nephrine and norepinephrine during di-ethyl 
ether anesthesia, this commonly observed hy- 
potension would be almost universally seen." 

Because the anesthetist knows that hypo- 
tension accompanies the use of potent inhala- 
tional agents, he has adopted technics that 
allow him to use these agents sparingly. It 
is not uncommon in operations on the heart, 
for example, to administer di-ethyl ether so 
that the patient is maintained in the first 
stage of anesthesia, the stage of analgesia.!” 
Such light anesthesia avoids the depressant 
effect on the cardiac output of greater blood 
levels of anesthetic. The patient experiences 
no pain and can frequently respond to sim- 
ple commands. In the postoperative period 
he will have little recollection for the events 
during operation. Similarly the use of the 
muscle relaxants has enabled one to use the 
weaker general anesthetic agents, nitrous 
oxide and ethylene, with high concentrations 
of oxygen for the performance of major sur- 
gery. Generally all that is required of anes- 
thesia for a major surgical procedure is a 
combination of analgesia, amnesia, and mus- 
cle relaxation. Analgesia and amnesia usual- 
ly can be attained by the inhalation of mix- 
tures of 70 per cent nitrous oxide in oxygen 
combined with the intravenous injection of 
one of the muscle relaxants, so that the sur- 
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geon encounters muscle relaxation and has 
ready access to the field. 

Other common effects of the general anes- 
thetic agents involve the peripheral vascu- 
lature. A most striking effect after the onset 
of general anesthesia is the rapid appearance 
of vasodilatation in the skin. This vasodilata- 
tion is shared by skeletal muscle and is equiv- 
alent to that which might be obtained from 
a chemical or surgical sympathectomy." In 
other words, the blood flow to the extremities 
increases as much as 4 times early in the 
course of anesthesia. Were it not for com- 
pensatory vasoconstriction in other vascular 
beds, arterial hypotension would be encoun- 
tered frequently. When vasodilatation in the 
extremities is greatest, vasoconstriction in 
the liver and kidneys has been found. The 
cerebral and coronary circulations are not 
involved in this compensatory vasoconstric- 
tion. Just why vasodilatation in the skin and 
muscles takes place is not clear at present. 
As anesthesia is continued, however, vaso- 
dilatation in the periphery disappears and 
the hepatic and renal circulations are re- 
stored toward normal. Appreciation by the 
anesthetist of these circulatory alterations 
has done much to eliminate the hazards of 
general anesthesia. 


ANESTHETIC TECHNIC 

It may seem trite to say that in the last 
analysis all patients, especially those with 
heart disease, encounter trouble during an- 
esthesia because of anoxia. Anoxia, as in 
waking life, is related either to respiratory 
or circulatory deficiency. Frequently one 
cannot distinguish between the two. Failure 
to give oxygen or to relieve respiratory ob- 
struction during anesthesia is just as hazard- 
ous as arterial hypotension. If anoxia is the 
basic fault, it follows that patients with pre- 
existing difficulty in coronary arterial per- 
fusion are those who will suffer most under 
faulty anesthetic management. Consequently, 
the patient with coronary arterial disease or 
aortic valvular disease, is the one who will 
tolerate anoxia least. Similarly patients who 
are apt to die suddenly in waking life are 


those who will expire in the advent of anes- 
thetic difficulty. Thus, people with complete 
heart block and Stokes-Adams attacks,!* and 
patients prone to the development of acute 
tachycardias and arrhythmias are serious 
problems in anesthesia. Good anesthetic man- 
agement lies in the understanding of the path- 
ologic physiology of the patient’s heart dis- 
ease. 

Anoxia and hypotension should be avoided 
during anesthesia in the patients with heart 
disease. This is sometimes more easily said 
than done. Oftentimes hypoxia and hypoten- 
sion intervene despite the best anesthetic man- 
agement. The discussion that follows will 
attempt to point out a few of the many factors 
other than faulty technic that lead to anoxia 
and hypotension during anesthesia. 

The manner in which anesthetic technic 
may create difficulties for the cardiac patient 
may be seen in the situations of inadequate 
pulmonary ventilation, intubation of the 
trachea, and the appearance of cough. 

Adequate pulmonary ventilation is neces- 
sarily part of good anesthetic technic. Unfor- 
tunately practically every anesthetic agent 
and edjunct interferes in some way with 
normal respiration. Preanesthetic medication, 
whether barbiturate or opiate, may depress 
the response of the respiratory center to car- 
bon dioxide. The general anesthetic agents 
also depress the response of the respiratory 
center. Were it not for stimulatory periph- 
eral respiratory reflexes, respiratory depres- 
sion would be seen even with di-ethyl ether. 
The muscle relaxants interfere with respira- 
tion at the periphery through a blocking effect 
on neuromuscular conduction. The severity 
of the respiratory problem may be enhanced 
by an open thorax or certain operative 
positions such as the lateral decubitus and 
Trendelenburg. These factors are noted to 
illustrate the complexity of the respiratory 
problem in anesthesia. There are few prac- 
tical monitoring devices to warn the anes- 
thetist that pulmonary ventilation is inade- 
quate. 

The end result of inadequate pulmonary 
ventilation is always anoxia and carbon di- 
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oxide accumulation. Oxygenation is more 
easily maintained than the elimination of 
carbon dioxide. Consequently, respiratory 


acidosis has loomed large in the explanation 
of some of the untoward circulatory effects 
of anesthesia. Increased blood levels of car- 
bon dioxide decrease myocardial contractil- 
itv, predispose the heart to vagal influence, 
and may be the reason for the development 
of certain ventricular arrhythmias and ar- 
terial hypotension seen during or at the con- 
clusion of anesthesia. 

If one examines the circumstance during 
which cardiac arrest occurs most frequently 
during anesthesia, it will be found that 
tracheal intubation is often a precipitating 
event. It has been assumed that stimulation 
of the trachea gives rise to vagal stimulation 
with consequent cardiae inhibition. This has 
been called a vago-vagal reflex. However, this 
is not the customary response. Ordinarily 
during intubation of the trachea if there is 
adequate oxygenation and a= satisfactory 
depth of anesthesia, the response to tracheal 
stimulation is that of tachycardia and hyper- 
tension.” Seemingly a sympathetic rather 
than a vagal response is elicited. This can be 
confirmed by anyone who observes the elec- 
trocardiogram during intubation. Neverthe- 
less tachycardia and hypertension may place 
considerable strain on an already diseased 
heart. Ideal conditions, technical facility, 
and the appropriate level of anesthesia can 
minimize these sympathetic effects. 

Coincident anoxia or carbon dioxide re- 
tention determines the response to tracheal 
intubation. Vagal effects similar to those 
ordinarily seen in other species such as the 
dog are prone to occur when intubation is 
performed in man under such circumstances. 

Cough and straining in response to irrita- 
tion of the trachea by an endotracheal tube 
or catheter may add to the circulatory 
changes mentioned. The circulatory conse- 
quences of the Valsalva maneuver may be 
reproduced. Closure of the bronchi and a 
prolonged expiratory effort during cough 
can lead to hypotension and circulatory col- 
lapse through interference with the return 
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of venous blood to the thorax and right 
atrium. The type of heart disease and the 
anesthetic agent employed may enhance or 
minimize the effect of the Valsalva maneuver. 
Thus, if there is a high central venous pres- 
sure, as in mitral stenosis or constrictive 
pericarditis, the effect of increased intra- 
thoracic pressure on venous return to the 
heart will be minimized.’® Similarly if an 
agent such as cyclopropane is used, which is 
associated with the development of a high 
central venous pressure in deep anesthesia, 
the effect of the Valsalva maneuver is not 
apt to be as great as with other agents. The 
patient with a poor cardiac output or the 
patient with diminished coronary arterial 
blood flow is apt to die suddenly when the 
Valsalva maneuver is exerted coincident 
with the circulatory depressant effects of an- 
esthetic drugs. We have seen patients with 
heart disease die when the trachea was sue- 
tioned to remove secretions in the treatment 
of atelectasis. Similarly we have seen pa- 
tients with aortic stenosis and aortic insuf- 
ficiency die during induction of anesthesia 
when uncontrolled cough ensued. 

The internist must have observed events 
such as those related here to realize that 
often it is the anesthetic management rather 
than the choice of anesthetic agent that leads 
to circulatory difficulties and sometimes 
death. 

A good rule for medical consultant, sur- 
geon, and anesthetist to observe is that the 
anesthetic procedure ought never to be more 
hazardous or complicated than the proposed 
operation. Local anesthesia is a simple tech- 
nie. Most of the undesirable pharmacologic 
and technical accompaniments of general 
anesthesia are avoided with this method. In 
using local anesthesia, however, one must be 
sure that apprehension during the course of 
operation with a consequent endogenous re- 
lease of sympathomimetic amines, does not 
increase the work of a diseased heart. A dis- 
proportion between the demands of the myo- 
cardium for oxygen and the available cor- 
onary arterial blood flow may lead to ische- 
mia or infarction. Likewise, the possible hy- 
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potensive and myocardial depressant effects 
of local anesthetic agents should be antici- 
pated. Rapid absorption from the injection 
site with the development of high blood con- 
centrations gives rise to these quinidine-like 
effects. These remarks should not negate the 
value of local anesthesia. Proper preanesthetic 
preparation, use of minimal quantities of 
anesthetic, and good technie will eliminate 
these sequelae. 

The versatile anesthetist often elects spinal 
as a type of local anesthesia for surgical pro- 
cedures in the cardiae patient. This choice 
sometimes confounds the medical consultant 
who is aware of the fact that arterial hypo- 
tension is common with this method. Yet 
spinal is probably the least stressful anes- 
thetic of all from the standpoint of admin- 
istration. The respiratory, metabolic, an 
technical disadvantages of general anesthesia 
are lacking. Musele relaxation is excellent 
during operation and hypotension ean be 
controlled by the prophylactic administra- 
tion of pressor amines. An important con- 
sideration in this instance of hypotension is 
the lesser cardiac work required against a di- 
minished peripheral circulatory resistance. 
The need for coronary circulation is not so 
great and the hypotension is less hazardous 
to the myocardium. 


SURGICAL PROCEDURE 

Compounding these anesthetic problems 
already mentioned is the surgical operation, 
which in its mere technical aspects poses 
hazards for the patient with heart disease. 
We have already mentioned the role that 
the position of the patient on the operating 
table might play in the production of hypo- 
tension or deficient pulmonary ventilation. 
Sudden blood loss with the production of 
hypotension need be mentioned only in pass- 
ing. Certain surgical manipulations within 
the thorax or abdomen may produce arterial 
hypotension, changes in heart rate and 
rhythm. The best known of these is the ab- 
dominal traction reflex that gives rise to 
arterial hypotension. This reflex has been 
variously ascribed to traction on the mesen- 


tery, to stimulation of the celiac plexus, or 
to interference with the return of venous 
blood to the heart by the placement of ab- 
dominal packs. Recently it has been shown 
that mechanical stimulation, particularly to 
the parietal peritoneum of the upper ab- 
domen, may cause a sudden fall in blood 
pressure of considerable magnitude.‘ The 
pathways of this reflex have not yet been 
mapped out but the adequate stimulus has 
been assumed to be a deformation of the per- 
itoneum with stimulation of Pacinian cor- 
puscles. In association with hypotension thus 
produced bradycardia is a frequent compli- 
cation. It is for this reason that the vagus 
has been implicated in the reflex are. In 
order to explain the rapidity of development 
of hypotension it has been postulated that 
the vagus exerts an effect on ventricular 
myocardial contraction despite anatomic evi- 
dence to the contrary. That this reflex is not 
entirely benign has been shown by the post- 
operative discovery of silent myocardial in- 
faretion in patients with these circulatory 
changes.18 


SUMMARY 


Anesthesia for the patient with heart dis- 
ease has become increasingly safer with the 
passage of years due to a better knowledge 
of the physiology of heart disease and of the 
pharmacologic action of anesthetic agents 
themselves. There are few statistics to sup- 
port the clinical impression that patients 
with cardiae disease tolerate anesthesia and 
surgery well but reports are not lacking. The 
difficulty in gathering statistics lies in an in- 
ability to compare results in comparable 
eroups of patients. Anesthesia is but a small 
part of the total operative experience. The 
patient with serious heart disease usually un- 
dergoes a relatively long period of preoper- 
ative preparation. When ready, he is given 
preanesthetic medication and is subjected to 
the administration of an anesthetic. The sur- 
gical operation is superimposed on these pre- 
liminary events. Subsequently, convalescence 
with its many physiologic adjustments ecom- 
pletes the surgical experience. 
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Anesthetic problems may originate in any 
of the aforementioned phases of the operative 
experience. These problems have been briefly 
reviewed. The most important factor in min- 
imizing the problems of anesthesia itself is 
the skill and knowledge with which the an- 
esthetic agents are chosen and administered 
rather than the actual pharmacologic and 
physiologic effects of the agents themselves. 
On a background of thorough medical prep- 
aration safe anesthesia for the patient with 
heart disease consists of the careful selection 
of preanesthetic medication, flawless technic, 
and use of minimal quantities of anesthetic 
agents and adjuncts. Despite the attainment 
of these goals, circulatory and_ respiratory 
problems will be encountered. These may be 
related to the heart disease itself, to medical 
preparation, pharmacologic side effects, and 


to a multitude of undesirable respiratory 


and cireulatory reflexes. The latter in turn 
reside in anesthetic and surgical manipula- 
tion. Knowledge of these factors enables the 
internist to understand the problems of an- 
esthesia and to prepare the patient for the 
operative experience. 
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CONGENITAL ANOMALIES 


Cottier, H., and Tobler, W.: Cor Triatriatun Sin- 
ister with Stenosis in the Anomalous Septum. 
Cardiologia 30: 46, 1957. 

Cor triatriatum ‘sinister is an extremely rare 
congenital malformation of the heart consisting 
in an anomalous accessory septum in the left at- 
rium with 1 or more openings permitting blood 
flow in the normal direction. The authors col- 
lected 12 such cases from the literature and pres- 
ent clinical, roentgenologic, and autopsy findings 
in a personal observation of a 4-month-old infant 
in whom right heart failure, congestion, indura- 
tion of the lungs, and early death were attributa- 
ble to the smallness of the septal communication 
between the 2 portions of the divided atrium act- 
ing as an obstruction to the flow to the left ven- 
tricle. The mitral valve was entirely normal. The 
embryology and pathogenesis of this unusual 
malformation are discussed. From the prac- 
tical standpoint it is of interest, since it may be 
amenable to surgical correction. 

Pick 


Sen Gupta, 8S. N., and Ghosh, J. C.: Case of Re- 
verse Coarctation Syndrome. An Aortic Arch 
Syndrome. Brit. M. J. 1: 137 (Jan. 19), 1957. 
A 51-year-old man demonstrated sunken cheeks 

and eyes, bilateral lenticular opacities, and ab- 

sent pulses in the radial, brachial, axillary, sub- 
clavian, carotid, and temporal arteries bilateral- 
ly. The pulsation of the aortic arch was foree- 
ful in the suprasternal notch and the pulsations 
of the abdominal aorta and arteries of the legs 
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were normal. The blood pressure in the legs was 
220/75 mm. Hg. There was no history of chest 
trauma. The blood Wassermann reaction was 
negative. The patient died of bronchopneumonia. 

Autopsy, confined to the aorta and adjacent 
right lung, revealed in the aorta numerous e¢al- 
cific intimal plaques. There was “a big greyish- 
white friable clot about 5 X 1.5 em.” attached to 
the upper wall of the aortie arch and occluding 
the mouths of all 3 major branches. Less than 
about two-thirds of the diameter of the arch 
was patent. The areh was not dilated. Histo- 
logically there was no medial or adventitial 
change to suggest syphilis. The authors suggest 
that this is an instance of full-blown aortie syn- 
drome on the basis of atherosclerosis which, as 
a primary cause, has been thought to be unusual. 


McKwsick 


Campbell, M.: Cerebral Abscess in Cyanotic 
Congenital Heart-disease. Lancet 1: 111 (Jan. 
19), 1957. 

Fifteen patients, all with right-to-left shunts, 
most with tetralogy of Fallot, developed brain 
abscesses. Campbell considers cerebrovascular 
thrombosis with secondary infection as the most 
likely mechanism. 

McKusick 


Coulshed, N., and Littler, T. R.: Atrial Septal 
Defect in the Aged. Brit. M. J. 1: 74 (Jan. 12), 
1957. 

The authors describe 5 patients, ages 79, 68, 


67, 58, and 59 with atrial septal defect. The re- 
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ports illustrate that this defect is consistent with 
long life and is likely to be misdiagnosed as 
coronary artery disease, rheumatic heart disease 
with mitral stenosis, chronic cor pulmonale, ete., 
in this age group. In 1 patient an alleged peri- 
eardial friction rub persisted for 5 years. It had 
a superficial quality and became louder with 
pressure on the stethoscope. Although it may 
have been incorrectly interpreted to represent 
systolic and diastolic murmurs, the authors sug- 
gest that it was “produced by the enormously 
dilated pulmonary artery coming into contact 
with the anterior chest wall, its vigorous pul- 
sation producing the friction sound.” 
McKusick 


Richman, 8. M., Thomas, W. A., and Konikov, 
N.: Survival of Rats with Induced Congenital 
Cardiovascular Anomalies. The Use of Trypan 
Blue as a Practical Experimental Approach 
to Production of Congenital Cardiovascular 
Anomalies in Rats Capable of Long Postnatal 
Survival. Arch. Path. 63: 43 (Jan.), 1957. 

A practical method is presented for the pro- 
duction of congenital cardiovascular anomalies 
in rats that are capable of surviving for at least 
1 month after birth. Thirty pregnant rats were 
injected subcutaneously with trypan blue 814 
days after insemination. These rats gave birth to 
216 young rats, and 191 of these survived for 22 
days or more after birth. Fifty of these 191 were 
killed at 22 to 33 days of age. Of these 50 rats, 
26 had major cardiovascular anomalies. Interven- 
tricular septal defects were present in 17 and 
represented the most common single malforma- 
tion. None of the animals showed evidence of 
congestive heart failure in spite of the presence 
of major anomalies. It was therefore impossible 
to distinguish between the “control” group and 
the group with anomalies until the final autopsies 
were performed. 

MAXWELL 


Chiechi, M. A.: Incomplete Transposition of the 
Great Vessels with Biventricular Origin of the 
Pulmonary Artery (Taussig-Bing Complex). 
Report of Four Cases and Review of the Lit- 
erature. Am. J. Med. 22: 234 (Feb.), 1957. 
The Taussig-Bing Complex consists of a trans- 

posed aorta, a large pulmonary artery that arises 

primarily from the right ventricle and partially 
overrides the ventricular septum, a high ventric- 
ular septal defect, and right ventricular hyper- 
trophy. Four cases are reported and the liter- 
ature is reviewed. Cyanosis and intense dyspnea, 
clubbing, stunted growth and progressive ecar- 
diac decompensation were present. X-ray re- 
vealed increased pulmonary circulation with hy- 
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perpulsatile hilar vessels, and the electrocardio- 
gram showed right ventricular hypertrophy. The 
differential diagnosis was difficult and included 
all the congenital heart anomalies with cyanosis 
and inereased pulmonary blood flow. Angioeardi- 
ography may be helpful. Possible surgical ap- 
proaches were outlined. 
KURLAND 


CORONARY ARTERY DISEASE 


Honey, G. E., and Truelove, S. C.: Prognostic 
Factors in Myocardial Infarction. Lancet 1: 
1209 (June 15), 1957. 

The long-term prognosis of the 348 survivors 
of 543 eases of acute myocardial infarction wes 
studied. About 14 per cent of the survivors died 
during the remainder of the first year, 10 per 
cent the second year, and about 5 per cent an- 
nually thereafter. Patients displaying 1 of the 
following factors constituted a bad-risk group 
and had 4 times the chance of dying during the 
first year as a group without them: congestive 
heart failure, cardiae arrhythmia, gross eardiae 
enlargement, previous attack of myocardial in- 
farction. Among the good-risk group recurrent 
infaretion was the chief cause of death within 
5 years of the acute attack. The incidence was 
high among patients under 60 years of age. 
Patients of the good-risk group over 60 years of 
age had a life expectation the same as that of 
other people of their age and sex. 


KURLAND 


Saphire, E. J.: Arterial Oxygen Saturation in 
Myocardial Infarction. New York State J. 
Med. 57: 1614 (May 1), 1957. 

Four of 16 patients with myocardial infarction 
had arterial anoxemia with saturations ranging 
from 84.7 to 93.3 per cent. Three patients had low 
normal saturations ranging from 94.5 to 95.3 per 
cent. Arterial hypotension and pulmonary edema 
appeared to be the most significant factors as- 
sociated with the development of anoxemia. As 
factors leading to the development of anoxemia, 
the age of the patient, the occurrence of previous 
myocardial infarction, and the location and size 
of the infarction were not significant. Moderate 
degrees of congestive heart failure or cardiac 
arrhythmias were not encountered in this limited 
series. Oxygen therapy by tent restored the ar- 
terial oxygen saturation of the moderately anox- 
emic patients to normal levels but did not appear 
to be adequate in 2 more severly anoxemie pa- 
tients. It had no measurable effect in 1 patient 
whose saturation was already within normal lev- 
els at the time of infarction. Oxygen tent therapy 
did not appear to be effective in increasing the 
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arterial oxygen saturation in patients with nor- 
mal saturation at the time of infarction. 


Harris 


Eckstein, R. W.: Effect of Exercise and Coronary 
Artery Narrowing on Coronary Collateral Cir- 
culation. Circulation Research 5: 230 (May), 
1957. 

A moderate degree of cireumflex arterial con- 
striction is required to induce collateral vascular 
growth in resting dogs and that collateral de- 
velopment is then proportional to the degree of 
constriction. The addition of exercise to mild 
arterial narrowing results in significant collateral 
anastomoses, and also promotes collateral growth 
above that due to moderate and severe constric- 
tion. It is therefore suggested that during the 
early stage of coronary disease, exercise may be 
particularly effective in promoting collateral 
erowth that would not otherwise occur. Since 
the onset of coronary disease is not clinically 
recognizable, it would probably be advisable to 
encourage middle age human beings who are 
without symptoms to exercise. It is also probable 
that patients without recent infarets who have 
exertional pain due to coronary disease should 
be placed in a positive program of mild exercise 
that falls short of producing pain. 

AVIADO 


Clarke, N. E., Clarke, C. N., and Mosher, R. E.: 
Treatment of Angina Pectoris with Disodium 
Ethylene Diamine Tetraacetic Acid. Am. J. M. 
Se. 232: 654 (Dee.), 1956. 

A solution of 5 Gm. of disodium ethylene dia- 
mine tetracetie acid (EDTA) in 500 ml. of 5 per 
cent glucose was administered to 20 patients with 
coronary artery disease to evaluate the effect of 
chelation upon bound ealeium within the organie 
atheromatous matrix. A series of 10 to 15 in- 
fusions was employed in most instances. Previous 
observations were cited to demonstrate the abil- 
ity of EDTA to remove metastatic calcification, 
especially from the endocardium. The earlier ex- 
perience indicated that the in vivo action of this 
compound may persist long after its administra- 
tion. Fourteen of the 20 patients showed definite 
electrocardiographie evidence of myocardial 
damage; in 6 of these, the abnormal tracings 
reverted to normal patterns. Of the 20 patients 
there were 19 survivors each of whom obtained 
marked symptomatic relief. One patient died 
with what was considered to be a ecaleium em- 
bolus freed from an arterial plaque. The serum 
stability, measured by determining the surface 
tension of serum, was restored to normal in the 
atherosclerotic patients by EDTA, the values be- 
ing subnormal in the untreated state. Athero- 
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sclerosis is attributed to a primary change in 
mucoid ground substance containing highly polar 
polysaccharides capable of fixing calcium and 
cholesterol. Removal of calcium by means of 
chelation may offer a reasonable prospect for 
success in the treatment of this disorder. 


SHUMAN 


Mowbray, J. H., and Hamilton, J. D.: The Man- 
ner of Death in Coronary Artery Disease. 
Canad. M. A. J. 76: 9 (Jan. 1), 1957. 

The coronary arteries of 100 consecutive au- 
topsies were studied by means of a_ special 
formalin perfusion and dissection technic that 
disclosed lesions sufficient to explain death in 
22 patients. In all of 10 patients with recent 
myocardial infaretion, corresponding coronary 
thrombosis was found. In 6 of these reeurring 
coronary thrombosis was noted, suggesting the 
existence of a thrombotie tendeney that might 
have been counteracted by anticoagulant therapy. 
Acute coronary insufficiency was considered to 
have existed in 5 patients showing coronary nar- 
rowing, focal myocardial necrosis, in which the 
terminal event was precipitated by a reduction 
in eardiae output. Two instances of each of the 
following conditions were seen: acute coronary 
thrombosis without infarction, coronary stenosis 
with sudden death, and coronary stenosis with 
chronie heart failure. Coronary embolism was 
present in 1 patient. 

ROGERS 


Holger-Madsen, T.: Plasma Fibrinogen and 
Erythrocyte Sedimentation Rate in Myocardial 
Infarction. Acta med. seandinav. 156: 351 (Jan. 
15), 1957. 

A series of 28 patients with acute myocardial 
infarction was studied to determine whether 
measurement of the plasma fibrinogen offered 
any advantage over measurement of the sedi- 
mentation rate in the diagnosis and evaluation 
of the severity of this disorder. Three patients 
died before a rise in fibrinogen level was ob- 
served. In 5 of the remaining 25 patients there 
was no significant rise in the fibrinogen level, 
whereas only 1 of the 25 patients failed to show 
an inerease in sedimentation rate. Abnormal 
values for both determinations appeared in most 
patients within the first 3 to 5 days after the onset 
and maximal values oceurred almost simul- 
taneously in most patients at the end of the first 
week or beginning of the second week. On the 
average, abnormal values appeared earliest in 
the patients who were most severely ill. Although 
there was fairly good agreement, there was no 
complete parallelism of the highest and lowest 
values for fibrinogen and the sedimentation rate, 
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In most patients the plasma fibrinogen level 
reached a normal value in 5 weeks after the on- 
set, often within the second or third week. On 
the other hand, the sedimentation rate tended 
to be elevated longer, frequently until the fifth 
or sixth week or longer. In only a single patient 
who was severely ill was the plasma fibrinogen 
level elevated without a correspondingly in- 
creased sedimentation rate. In a few patients 
there was a discrepancy between the severity of 
the clinical picture and either the fibrinogen level 
or the sedimentation rate or both. These de- 
terminations were normal in 5 patients with 
angina decubitus but they were somewhat ele- 
vated in 4 patients with congestive heart failure 
and pulmonary congestion. The plasma fibrinogen 
determination is believed to offer no advantages 
over the sedimentation rate in the diagnosis or 
evaluation of myocardial infarction. 


ROSENBAUM 


Raab, W.: Progress in the Field of Coronary 
Disease. die Medizinische 1957: 1 (Jan. 5), 
1957. 

Among the most important achievements of 
the past 10 years is the recognition of the role 
of excessive fat consumption and physical inac- 
tivity in the genesis of coronary atheromatosis. 


These factors lead to a high plasma level of lipo- 
proteins of high molecular weight, coupled with 
metabolic disturbances in the coronary intima 


that are probably caused by neurohormonal im- 
balance. Instead of the purely mechanical con- 
cept of coronary insufficiency, the role of the 
antagonism between oxygen-wasting, hypoxia- 
producing catecholamines and oxygen-preserving 
acteylcholine is becoming more widely recog- 
nized. Long-range treatment of angina pectoris 
is based.on measures, directly or indirectly coun- 
teracting the hypoxiating action of the ecate- 
cholamines (sympathectomy, ganglionic — block, 
adrenal irradiation, antithyroid treatment). At- 
tempts to prevent coronary disease by develop- 
ing a more effective vagal influence on myoear- 
dial oxygen economy through continuous, sys- 
tematic physical exercise appear justified. In 
view of the growing mechanization and motoriza- 
tion of our life, the most promising way of fur- 
thering such physical training would be a thor- 
oughly organized back-to-walking or bicycling 
movement, 
LEPESCHKIN 


Walther, R. J., Starkey, G. W. B., Zervopolus, 
E., and Gibbons, G. A.: Coronary Arteriove- 
nous Fistula. Clinical and Physiologic Reports 
on Two Patients, with Review of the Liter 
ature, Am, J. Med. 22: 213 (Feb.), 1957. 


ABSTRACTS 


The clinical and physiologic characteristies of 
2 cases of coronary arteriovenous fistula are pre- 
sented and the findings compared to 11 previous- 
lv reported cases. Such patients have a continu- 
ous murmur heard best to the left of the sternum 
in the pulmonie area or below. The electrocardio- 
gram may be normal or may show left ventricu- 
lar preponderance, left bundle-branch block, ST- 
segment or T-wave abnormalties. By x-ray, prom- 
inence of the main pulmonary artery, cardiac en- 
largement, left ventricular prominence, and left 
atrial enlargement have been seen. Cardiae cath- 
eterization indicates a_ left-to-right shunt of 
variable size and may reveal the location of the 
fistula. An apparently good prognosis in_ the 
asymptomatic patient suggests that surgery may 
reasonably be deferred in this group. 

KURLAND 


Kroop, I. G., and Shackman, N. H.: The C-Re- 
active Protein Determination as an Index 
of Myocardial Necrosis in Coronary Artery 
Disease. Am. J. Med. 22: 90 (Jan.), 1957. 

The C-reactive protein, an abnormal serum 
globulin formed in response to infection, necrosis, 
and neoplasia and so called because it forms 
a precipitate with C-polysaecharide of pneumo- 
coccus, was measured in 100 patients with cor- 
onary disease. It was present in 12 to 72 hours 
after each of 34 cases of transmural myocardial 
infaretion and disappeared after 2 to 5 weeks. 
Any recurrence indicated a complication. C-reac- 
tive protein determination was repeatedly nega- 
tive in 35 patients with coronary artery disease 
without myocardial necrosis and in the premon- 
itory phase of coronary occlusion. It was positive 
where recent necrosis occurred in symptomatic 
eases of old infarction. C-reactive protein was 
not found in people with hiatus hernia, cholecys- 
titis, or cholelithiasis. It was concluded that the 
C-reactive protein determination was a valuable 
aid in establishing irreversible injury to the myo- 
cardium. A positive test after it had previously 
become negative was helpful in indicating a com- 
plication such as phlebothrombosis or recurrent 
myocardial infarction. 

KURLAND 


PHYSIOLOGY 


Ferguson, D. J., and Berkas, E. M.: Effect of 
Lung Denervation on Pulmonary Hypertension 
and Edema. Circulation Research 5: 310 (May), 
1957. 

Under conditions of high pulmonary artery 
pressure and flow produced in dogs by a con- 
trolled systemie artery shunt, pulmonary edema 
occurred after denervation of the lung at arterial 
pressures that were tolerated without edema be- 
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fore denervation. It is suggested that the pul- 
monary nerves serve chiefly to protect capillaries 
from excessive arterial pressure but the exact 
details of such a reflex mechanism (sensory re- 
ceptor, efferent vagus, or sympathetic) are not 
known. 

AVIADO 


Parrish, A. E., Kleh, J., and Fazekas, J. F.: 
Renal and Cerebral Hemodynamics with Hypo- 
tension. Am. J. Med. Se. 233: 35 (Jan.), 1957. 
Cerebral and renal hemodynamics were de- 

termined simultaneously in subjects with renal 

and cerebral vascular insufficiency during acute 
and prolonged reduction of mean arterial pres- 
sure by a ganglionic-blocking agent. Anuria and 
an inereased cerebral arteriovenous oxygen dif- 
ference occurred with an acute reduction in 
mean arterial blood pressure. With a more pro- 
longed reduction in mean arterial pressure the 
cerebral vascular resistance and filtration frac- 
tion decreased significantly without change in 
cerebral blood flow or renal plasma flow. These 
changes indicate usually efficient homeostasis of 
both the cerebral and renal circulations, accom- 
plished perhaps in these subjects by maximum 
dilatation of relatively normal vessels and prob- 
ably at the expense of blood flow in diseased ar- 
terioles. Although the vascular responses of 
brain and kidney to acute and prolonged hypo- 
tension induced by Arfonad are similar in many 
respects, there exists a critical rate of blood flow 
below which they differ. In severe hypotension 
there may be renal vasoconstriction whereas the 
cerebral vessels undergo vasodilatation. The au- 
thors conclude that in subjects with vascular 
disease, renal and cerebral vessels may compen- 
sate for significant reductions in blood pressure. 


Harris 


Eddleman, E. E., Jr., Hefner, L., Reeves, T. J., 
and Harrison, T. R.: Movements and Forces 
of the Human Heart. I. The Genesis of the 
Apical Impulses. Arch. Int. Med. 99: 401 
(March), 1957. 

The normal apex impulse may be divided into 

2 parts. The first of these, which begins about 

0.08 second after the beginning of electric ex- 

citation, is believed to be related to recoil as the 

right ventricle ejects. This portion of the apex 
beat is associated with sharp outward move- 
ment of the right portion of the epigastrium and 
is delayed in persons with right bundle-branch 
block but not in those with left. The second por- 
tion of the apex beat begins about 0.11 second 
after the onset of electric excitation and about 

.01 second before the beginning of the carotid 

upstroke. This portion of the apex thrust is be- 
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lieved to be of left ventricular origin and, since 
this second portion of the apex thrust is accom- 
panied by sharp outward movements in the left 
epigastric region and in the left axilla, it is 
believed that recoil as the left ventricle ejects 
is a factor in its production. Various conditions 
that may cause exaggeration of the apex thrust 
have been studied. It is concluded that most such 
conditions (aneurysm of the left ventricle, an- 
ginal attacks with ischemia of the apex, and left 
ventricular hypertrophy) are associated with a 
disproportion between the strength of the mus- 
cles at the base and at the apex of the left 
ventricle, respectively. The result is an aneurys- 
mal bulge of the apex of the left ventricle due 
to the more forcible contraction of the stronger 
muscles at the base. 
3ERNSTEIN 


Kaiser, G. C., Edgecomb, J. H., and Kay, J. H.: 
Ventricular Fibrillation. An Experimental 
Study Comparing Various Voltages and Dura- 
tions of Electric Shock in Defibrillation of the 
Canine Heart. J. Thoracic Surg. 33: 537 
(April), 1957. 

Because of the absence of agreement as to the 
optimal voltage and duration of electric shock 
used for defibrillation, the authors undertook 
this study. Ventricular fibrillation was induced 
in 48 dogs, using a standard technic in all. The 
hearts were allowed to fibrillate for 4+ minutes, 
and were then subjected to cardiac massage for 
2 minutes before beginning attempts to defibril- 
late. Shocks of 130 volts for 0.25 second and 0.10 
second were compared with shocks of 230 volts 
for 0.25 second and 0.10 second. There appeared 
to be no difference in efficacy. However histologie 
examinations disclosed a higher incidence of 
burns in eardiae tissue with 230 volts for 0.25 
second, 

E\N SELBERG 


Adams, F. H., and Lind, J.: Physiologic Studies 
on the Cardiovascular Status of Normal New- 
born Infants (With Special Reference to the 
Ductus Arteriosus). Pediatrics 19: 431 (March) 
1957. 

This is a study of 8 newborn infants upon 
whom the cardiovascular status was determined 
by means of cardiac catheterization and determi- 
nation of cardiae volume done in the immediate 
postpartum period, 3 to 4 days after birth, and 
again 2 to 3 weeks after birth. The earliest de- 
termination was done 7 hours after birth. Pres- 
sures were recorded in the right atrium and ven- 
tricle and in the pulmonary artery and occasion- 
ally in the left atrium via the foramen ovale. 
Samples of blood were obtained from each 
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chamber in which pressure was measured. Car- 
diac volume was determined. The results of these 
show that pressure adjustments within the heart 
after birth take place gradually over a period 
of many days and not immediately within several 
minutes postpartum and that the ductus arteri- 
osus remains functionally patent with a large 
left-to-right shunt for many days after birth. 
Changes in the cardiac volume are related to the 
presence and magnitude of the left-to-right 
shunt through the ductus arteriosus. 
HARVEY 


Henning, U.: Experimental Studies in Animals 
on Cardiac Death due to Overexertion by Run- 
ning in the Drum. Ztschr. Kreislaufforseh. 46: 
25 (Jan.), 1957. 

Twenty rats were forced to run in a drum 
lined with foam rubber at a velocity of about 
1.6 Km. per hour. After 30 to 45 minutes the 
animals started to stumble, after 60 to 70 min- 
utes they were falling down constantly, and 
after 90 to 105 minutes they developed slow, 
very deep respiration and died a few minutes 
afterwards. The electrocardiogram at the time 
of slow respiration showed elevation of the S-T 
segment with pointed upright T wave; terminal- 
ly S-T segment depression and inversion of the 
T wave appeared. Death occurred through ven- 
tricular fibrillation in 7 animals and eardiac 
standstill in the others. All animals showed acute 
congestion in the systemie circulation, dilated 
lungs and marked dilatation of the right ven- 
tricle. Histologic changes were found only in the 
left ventricle, where the muscle fibers had a 
looser structure and a more longitudinal course; 
in 8 animals disseminated loss of staining was 
found. The cardiae failure was attributed pri- 
marily to right ventricular failure due to pul- 
monary hypertension, followed by left ventricu- 
lar damage due to decreased coronary flow. 


LEPESCHEIN 


Finnerty, F. A., Jr., Gillaudeu, R. L., and Faze- 
kas, J. F.: Cardiac and Cerebral Hemodynam- 
ics in Drug Induced Postural Collapse. Cireu- 
lation Research 5: 34 (Jan.), 1957. 

When signs of cerebral ischemia were induced 
by the administration of hexamethonium, or by 
head-up tilting, or by both, it was found that 
cardiac output was significantly reduced in all 
patients. Since, at the time of the development 
of signs of cerebral ischemia the mean arterial 
blood pressure varied between 34 and 100 mm. Hg, 
there appeared to be no critical level of arterial 
pressure at which cerebral ischemia occurred. In 
contrast to this, a fairly critical level of cerebral 
blood flow existed for maintenance of conscious- 
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ness, since this was reduced to an average value 
of 30.8+ 4.6 ml./100 Gm. brain/min. The de- 
crease in cerebral vascular resistance accompany- 
ing cerebral ischemia was greater than the de- 
crease in peripheral vascular resistance. Such a 
decrease, however, was not sufficient to compen- 
sate for the lack of blood supply delivered to 
the brain from the heart. Despite a reduction in 
cardiae output averaging 47 per cent, approxi- 
mately the same percentage of its output was 
diverted to the brain during cerebral ischemia. 
The cause of cerebral ischemia in these experi- 
ments resulted from failure of the cardiac out- 
put. 


AVIADO 


Howarth, S., and Sharpey-Schafer, E. P.: Baro- 
ceptor Responses to Acute Rhythm Changes. 
Brit. Heart J. 19: 39 (Jan.), 1957. 

Continuous arterial pressures and forearm 
flows of 7 patients with paroxysmal tachyeardia 
and 17 with congestive failure were recorded to 
determine the changes that occurred during the 
onset and offset of the eetopie rhythm. The first 
sinus beat terminating the arrhythmia had an 
unchanged mean pressure and an increased pulse 
pressure. Thereafter the mean and diastolic pres- 
sures decreased for 3 or 4 beats. The forearm 
flow increased 2.4 to 2.9 times that of the ectopic 
rhythm. These changes indicated vasodilatation. 
The first ectopic beat produced an immediate 
and conspicuous decrease in pulse pressure. The 
mean pressure remained constant or fell slightly 
after a few beats. Thereafter the mean pressure 
rose indicating vasoconstriction. Hexamethonium, 
which apparently blocks the efferent pathway, 
prevented a change in mean pressure with the 
onset of a fast ectopic rhythm although the 
pulse pressure dropped. These results were con- 
sistent with a general theory of baroceptor re- 
sponses to acute pulse pressure changes. 

SoLorr 


van der Tweel, L. H.: Some Physical Aspects of 

Blood Pressure, Pulse Wave, and Blood Pres- 

sure Measurements. Am. Heart J. 53: 4 (Jan.), 

1957. 

The author presents a physical analysis of some 
of the hydrodynamic quantities involved in the 
production and maintenance of the blood pres- 
sure in arteries, and compares them to electric 
analogues. For example, a very simplified elec- 
tric model of the left ventricle, the arterial sys- 
tem, and the periphery would be that of a eur- 
rent source (the heart) that reeurrently rapidly 
charges a condensor (the ejection of blood), 
which then discharges through a resistance (the 
periphery). On this basis various formulas re- 
lating some of the different factors concerned are 
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derived. This analogy, however, considers the 
blood pressure to be statie with the same pres- 
sure occurring everywhere in the system at the 
same time. In introducing the dynamic qualities 
of the system he compares the propagation of 
the pulse and the transmission of the pressure 
impulse through the elastic tubing of the ar- 
teries to the transmission of an electric impulse 
through a cable. Further formulas describing the 
relationships are expressed and corrections sug- 
gested for various complications. He also points 
out the difficulties involved in measuring blood 
pressure at the end of a catheter and describes 
a method for “damping” catheter reflections. 
SAGALL 


PULMONARY DISEASES 


Doyle, E., Goodwin, J. F., Harrison, C. V., and 
Steiner, R. E., Pulmonary Vascular Patterns 
in Pulmonary Hypertension. Brit. Heart. J. 
19: 353 (July), 1957. 

Persons with mitral stenosis and pulmonary 
hypertension show radiologically dilatation of 
the main pulmonary arteries and main branches 
and narrowing of the small peripheral arteries 
confined to the lower and middle zones. These 
findings were confirmed by angiocardiography. 
Conventional films also frequently showed hazi- 
ness and Kerley’s lines in the lower zones. 
Patients with congenital heart disease and_pul- 
monary hypertension had dilated main _pul- 
monary and medium sized arteries. The small 
peripheral arteries were either dilated or econ- 
stricted evenly throughout all zones with no 
localized haziness. Patients with congenital heart 
disease without severe pulmonary hypertension 
also had enlargement of the main and medium 
sized arteries. Peripheral arterial constriction 
was occasionally seen. Postmortem arteriograph- 
ic and anatomie changes, when present, confirmed 
the elinieal findings. The regional vaseular dif- 
ferences in mitral stenosis were attributed to hy- 
drostatie differences. The increased blood flow in 
congenital heart disease tended to dilate the 
peripheral vessels and accounted for the less dis- 
tinctive pattern found in those with hyperten- 
sion, 


SOLOFF 


McGuire, J., Scott, R. C., Helm, R. A., Kaplan, 
S., Gall, E. A., and Biehl, J. P.: Is There an 
Entity Primary Pulmonary Hypertension? 
Arch. Int. Med. 99: 917 (June), 1957. 

A review of the literature of primary pulmo- 
nary hypertension and the authors’ experience 
with 1 ease suggest that such an entity exists, 
although it may be exceedingly rare. The major- 
ity of reported cases of pulmonary hypertension 
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demonstrated by cardiae catheterization have 
not had postmortem study. Many eases that have 
come to autopsy have shown, on histologic exam- 
ination, widespread occlusive lesions in the pul- 
monary vascular tree. However, a small number 
of cases well studied from the clinical and path- 
ologie point of view showed no anatomic ex- 
planation for the pulmonary hypertension or its 
anatomic counterpart, right ventricular hyper- 
trophy. Until further knowledge affords an ex- 
planation, such patients may appropriately be 
regarded as having primary or essential pul- 
monary hypertension, analogous to systemic hy- 
pertension of unknown etiology. 
SIMON 


Starosta, K., and Blaha, R.: Aneurysm of the 
Main Pulmonary Artery. Cardiologia 30: 289 
(May), 1957. 

The authors report 3 patients in whom the 
diagnosis of an aneurysm of the main pulmonary 
artery was made on the basis of angiocardiogra- 
phy and eardiace catheterization. Two were 53- 
year-old women complaining chiefly of dyspnea 
and anginal pain and who, at physical examina- 
tion, had a loud systolic murmur in the second 
left intercostal space: in 1 a thrill was palpa- 
ble. The roentgen and angiocardiographiec films 
suggested a saccular aneurysm of the pulmonary 
artery. The third case was a 39-year-old woman 
with symptoms and signs of Ayerza’s syndrome. 
In this instance, the shadow of the aneurysm 
was fusiform. Cardiae catheterization failed to 
show evidence of any shunt. The pressure within 
the aneurysm was elevated in the first and third 
case and normal in the second. The authors dis- 
euss the possibilities of distinguishing clinically 
true aneurysms from simple dilatation of the 
pulmonary artery and the various etiologic fac- 
tors involved. 

Pick 


RENAL AND ELECTROLYTE 
EFFECTS ON THE CIRCULATION 


Bellet, S., Guzman, S. V., West, J. W., and Avi- 
ado, D. M., Jr.: The Effects of Molar Sodium 
Lactate on Cardiac Function: An Experimental 
Study in Dogs. Am. J. M. Se. 233: 286 
(March), 1957... 

Molar sodium lactate given intravenously at a 
rate of 0.5 ml. per Kg. per minute or more caused 
a fall in arterial blood pressure, increase in cor- 
onary blood flow, decrease in foree of myo- 
cardial contraction, and_ electrocardiographie 
changes consistent with hypopotassemia. Intra- 
coronary injections of molar sodium lactate of 
0.5 to 1 ml. duplicated these results and aecentu- 
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ated the electrocardiographie changes. At an in- 
travenous infusion rate slower than 0.5 ml. per 
Kg. per minute the above changes did not occur. 
Cardiae output, however, increased. The rate of 
infusion of molar sodium lactate that proved ef- 
ficacious in the treatment of eardiae arrest and 
slow ventricular rates was slower than 0.5 ml. 
per kg. per minute, indicating that in its clinical 
use, the toxie or untoward effects of molar sodium 
lactate are not to be anticipated. Molar sodium lac- 
tate has multiple actions on the cardiovascular 
system, reflected by the changes of the various 
hemodynamic measurements and the numerous 
mechanisms of action (pH changes, electrolyte 
shift, and hypertonicity). The metabolic and 
electrolyte changes in the heart are probably the 
important factors in the mechanism of its action 
in the treatment of slow ventricular rates and 
eardiae arrest. Molar sodium lactate decreases 
the extracellular potassium level by promoting 
the shift of extracellular potassium to the intra- 
‘ellular compartment and also partly by expan- 
sion of the extracellular space. 
Harris 


Leichsenring, F.: The Diameter of the Ostia of 
the Renal Arteries in the Normal and Patho- 
logical Aorta. Ztschr. Kreislaufforsch. 46: 188 
(Mareh), 1957. 

Measurements in 1,000 routine autopsies 
showed that in the absence of atherosclerosis the 
diameter of the renal artery ostia and that of 
the aorta uniformly increases with age. In two 
thirds of the cases there was no difference in the 
diameter of the right and left ostium; in the re- 
maining cases the right ostium and kidney were 
usually smaller. The funnel-shaped initial seg- 
ment of the renal artery was histologically of the 
elastic type.. Atherosclerosis led very often to the 
development of stenosis at the ostia, especially 
of the right renal artery, causing a correspond- 
ing decrease in weight of the kidneys. Hyperten- 
sion was not present in cases showing moderate 
stenosis of 1 ostium, but it was nearly always 
present when this stenosis was severe. 


LEPESCHKIN 


Crosley, A. P., Jr., Brown, J. F., Schuster, B., 
Emanuel, D. A., Tuchman, H., Castillo, C., and 
Rowe, G. G.: The Effects of Sodium Lactate 
on Renal Metabolism in Patients with Kidney 
Disease. J. Lab. & Clin. Med. 49: 429 (March), 
1957. 

Sixth-molar sodium lactate was administered 
to 6 patients with renal disease (benign nephro- 
sclerosis, diabetic nephropathy, and _ chronic 
glomerulonephritis). The sodium lactate admin- 
istration resulted in an enhanced renal oxygen 
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consumption. The latter increase was probably 
related to the metabolism of sodium lactate by 
the kidney and was reflected by an increase in 
renal arteriovenous oxygen difference, since no 
significant changes occurred in renal blood flow. 
This response in Qo., as well as the inerease in 
Tmran, demonstrates that the diseased kidney is 
not abnormal in its response to this agent. Since 
the results and conclusions were the same 
whether the nitrous oxide or Fick PAH methods 
were used for the determination of renal blood 
flow, the data support the use of the former 
technic as a new means for studies of renal oxy- 
gen consumption in man. 
MAXWELL 


Cort, R. L., and Cort, J. H:. Uterine Electrolytes 
in Pregnancy and Labour. Lancet 1: 718 
(Apr. 6), 1957. 

In a small group of patients studied by these 
investigators prolonged ineffective labor was 
associated with more severe myometrial potas- 
sium depletion than in normal labor. Whether 
this depletion was the cause or the result of ab- 
normal labor could not be decided, but the 
authors “rather think that it is both.” 


McKusick 


RHEUMATIC FEVER 


Bywaters, E. G. L., Isdale, I., and Kempton, J. 
J.: Schonlein-Henoch Purpura. Evidence for a 
Group B-Haemolytic Streptococcal Aetiology. 
Quart. J. Med. 26: 161 (April), 1957. 

Because of the close clinical and pathologie 
similarities between Schénlein-Henoch purpura 
and rheumatic fever and nephritis, 64 cases of the 
former were investigated for evidence that in- 
fection with group A B-hemolytic streptococcus 
was the causative factor. Serum anti-strepto- 
lysin-O titers were raised in one third of the 
patients, not significantly more than in a control 
group of nonrheumatic children. Group A B-hem- 
olytie streptococci were isolated in one quarter of 
the cases of purpura compared to 44 per cent 
of patients with acute rheumatic fever and 12 
per cent of a nonrheumatic control group. 


KURLAND 


Figley, M. M., and Bagshaw, M. A.: Angiocar- 
diographic Aspects of Constrictive Pericar- 
ditis. Radiology 69: 46 (July), 1957. 
Extraluminal soft tissue widths in the region 

of the right atrium were measured in 30 patients 

with no clinical evidence of pericardial disease. 

These measured up to 5 mm. In patients with 

constrictive pericarditis these measurements 

varied from 4.5 to 8.5 mm.; in patients with 
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pericardial effusion from 10 to 15 mm. Accessory 
angiocardiographie signs were straightening and 
rigidity of the right atrial border, superior and 
inferior vena caval dilatation, slowing of the 
intrathoracic circulation; a right ventricle of 
normal or small size, and slight left atrial dila- 
tation. 


SCHWEDEL 
ROENTGENOLOGY 


Steinberg, I., and Finby, N.: The Importance of 
Angiocardiography for Visualizing the Tho- 
racic Aorta. Arch. Surg. 74: 29 (Jan.), 1957. 
The significant advances in surgery of the 

heart and great vessels over the past few years 

have made the accurate differential diagnosis of 
tumors of the mediastinum and aneurysms of 
the aorta a matter of great practical importance. 

Angioeardiography, when carefully performed, 

regularly results in opacification of the aorta and 

provides valuable diagnostic information. The 
technic of the procedure is described and illus- 
trative cases are presented, which clearly demon- 
strate its value in diagnosis. Some causes for oc- 
casional failure of adequate aortic opacification 
to occur and some advantages of angiocardiogra- 
phy are discussed. 

BROTHERS 


Lyons, H. A., Minnis, J., and Griffin, E.: The 
Angiocardiographic Demonstration of Superior 
Venal Caval Constriction in Constrictive Peri- 
carditis. J. Thoracic Surg. 33: 305 (March), 
1957. 

Although it is recognized that superior vena 
caval constriction may be present in constrictive 
pericarditis it has not previously been demon- 
strated prior to operation. The authors describe 
a case of constrictive pericarditis in which angio- 
cardiography clearly demonstrated a sharp con- 
striction of the superior vena cava just at its 
entrance into the right atrium. At operation a 
band of fibrous tissue was found at this site, and 
this was removed in addition to performing a 
widespread pericardiectomy. This experience em- 
phasizes the usefulness of preoperative angio- 
cardiography in cases of constrictive pericar- 
ditis. 

ENSELBERG 

Gullmo, A.: The Strain Obstruction Syndrome 


of the Femoral Vein. Acta Radiol. 47: 119 
(Feb.), 1957. 


The author discusses the anatomic, physiologic, 
and abnormal patterns of femoral vein opacifica- 
tion when phlebography was enhanced by increas- 
ing intraabdominal pressure by straining, as com- 
pared to illustrations without such straining. Ap- 
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parently this method is valuable in demon- 
strating lesser grades of femoral venous disease 
such as incompetent valves, varicosities and 
venous thromboses than those obtained without 
the use of this maneuver. Seemingly local vari- 
ations and herniations in the lacuna vasorum are 
responsible. 


SCHWEDEL 


Zacks, A.: Experimental and Clinical Studies in 
Radiocardiography. Am. J. Roentgenol. 77: 493 
(March), 1957. 

Radiocardiography is the graphie recording of 
variations in the flow of blood through the heart 
and lungs obtained by the use of radioactive 
tracer substance injected intravenously. Reeord- 
ings were first made in an artificial system vary- 
ing flows and capacities in bottles labeled re- 
spectively right heart, left heart, lungs. Increased 
capacity corresponding to increased chamber 
volume prolonged tracer time. Diminished flow 
resulted in similar prolongation. Patients with 
various clinical states were examined by this 
method of radiocardiography and the results in- 
terpreted in terms of volume capacity and re- 
gional flows. The graphs correlated well with the 
presumed diagnoses. In 1 patient normal tracer 
time helped in differentiating pericardial effusion 
from eardiae enlargement, which could well have 
been assumed to be enlarged on a hypertensive 
basis. Patterns obtained in cor pulmonale, arterio- 
sclerotic and hypertensive heart disease, valvu- 
lar disorders, and pulmonary edema correlated 
well with presumed sites of increased chamber 
capacity or diminished flow. 


SCHWEDEL 


Arvidsson, H., and Odman, P.: Angiocardiogra- 
phy in Mitral Disease. Preliminary Report. 
Acta Radiol. 47: 97 (Feb.), 1957. 

The advantage in the use of rapid serial se- 
lective angiocardiography in mitral disease is 
described. Opacified material was injected into 
the pulmonary artery trunk through an F10 or 
F12 catheter with the aid of an automatie pres- 
sure syringe. Biplane films were taken of the 
pulmonary artery and its branches, then after a 
2 to 3 second pause during which the lungs were 
inflated to about 20 mm. Hg, serial films were 
obtained of the pulmonary veins, left atrium, 
left ventricle, and aorta. The significance of the 
dilated pulmonary artery trunk and main 
branches in contrast to narrowed tertiary and 
smaller branches is presented. Left atrial and 
pulmonary venous filling and variations in size 
(volumetric analysis) apparently ean be advan- 
tageous in differentiating pure or relatively pure 
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mitral stenosis from significant mitral insuffi- 
cieney. The authors also suggest that residual left 
ventricular blood may indicate, not only the 
presence of mitral insufficiency, but also oceult 
aortie insufficiency and arterial hypertension. 


SCHWEDEL 


Nordenstrom, B.: Intracardiac Pressure Changes 
with Rapid Fluid Injection into the Right 
Heart. Acta Radiol. 47: 89 (Febr.), 1957. 
Rapid injection of saline and opacifying sub- 

stance (Urokon 70 per cent) were made through 

a selectively placed catheter in 10 dogs. A pneu- 

matie pressure syringe was employed with an 

injection time of 0.3 to 0.5 seeond. There was 

only a slight rise in recorded pressure (1 to 2 

mm. He) when the injection was made into the 

venae ecavae or the right atrium; a larger rise 

(20 to 30 per cent rise in systolic levels) for 2 

to 7 beats was observed after injection into the 

right ventricle. Presumably the difference be- 
tween ventricular and atrial (and caval) pres- 
sures was due to the possible run off in the 
atrium, whereas in the ventricle tricuspid valve 

closure and pulmonary arterial resistances im- 

peded such an effect. 

SCHWEDEL 


Soloff, L. A., and Zatuchni, J.: The Angiocardio- 
graphic Pattern of High Ventricular Septal 
Defect with Left to Right Shunt. Am. J. Med. 
Se. 232: 528 (Nov.), 1956. 

A patient with left-to-right shunt through a 
high ventricular septal defect is deseribed to 
illustrate the pathognomonic angioeardiographic 
pattern of this anomaly. The pattern consists of 
a rapid intracardiac circulation time and a rapid 
right heart time followed by reopacification of 
the outflow tract of the right ventricle contiguous 
with an immediately preceding opacified left ven- 
tricle. The demonstration of the reopacified right 
ventricle through such a shunt ean only be made 
if the right atrium is nonopacified and the right 
ventricle has been cleared of most of the contrast 
medium when the left ventricle becomes opacified 
maximally. The cranial portion of the ventricular 
septum is virtually parallel to the frontal plane, 
so that the lateral projection is the one of choice 
for demonstration of the shunt. The angiocardio- 
gram revealed prolongation of opacification of 
the left ventricle, outflow tract of the right ven- 
tricle, pulmonary artery, and aorta. There was 
disproportionate enlargement of the pulmonary 
artery and branches. The left atrium and ven- 
tricle and right ventricle may be enlarged. 


ScHUMAN 
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VASCULAR DISEASE 


Bebin, J. and Currier, R. D.: Cause of Death in 
Ruptured Intracranial Aneurysms. Arch. Int. 
Med. 99: 771 (May), 1957. 

Among thirty-five autopsies in which death 
was caused by ruptured intracranial aneurysms, 
26 originated from the earotid portion of the 
cirele of Willis and 9 from the basilar part. In- 
tracerebral hemorrhage, subdural bleeding, and 
intraventricular hemorrhage, alone or in com- 
bination, were associated with the fatal sub- 
arachnoid hemorrhage. The amount of bleeding 
into these areas and the length of survival bear 
a close relationship. Death appears to be related 
to hemorrhage, operation, ischemic infarction, 
pheumonia, or compression and obstruction of an 
unruptured aneurysm acting as a tumor mass. 
Deaths related to hemorrhage from ruptured in- 
tracranial aneurysms are thought to result from 
hemorrhage into areas other than (but usually 
in addition to) the subarachnoid space. The 
most common is intracerebral, with or without 
intraventricular hemorrhage. Bleeding may also 
be primarily intraventricular or subdural. 

BERNSTEIN 


Morgan, W. L.: Important Diagnostic Signs of 

a Leaking Abdominal Aortic Aneurysm. Arch. 

Int. Med. 99: 134 (Jan. 1), 1957. 

A 66-year-old man was found to have a rup- 
tured atherosclerotic abdominal aneurysm. The 
diagnosis of a leaking aneurysm was made only 
a week before death after 3 weeks of unex- 
plained fever. The fever of 101 to 103 F., the 
drop in blood hemoglobin and leukocytosis was 
explained on the basis of slow retroperitoneal 
hemorrhage. Until this diagnosis was made, 
many studies, including cultures, and x-rays, 
failed to determine the cause of fever. However, 
a later review of films showed evidence of an 
enlarging retroperitoneal mass. Four days before 
death surgical exploration revealed the aneurysm. 
At autopsy there was no evidence for other dis- 
ease except an atelectatic lung lobe and minimal 
portal cirrhosis. Fever, leukocytosis, and pro- 
gressive anemia suggested infection, which was 
not confirmed by culture or postmortem examina- 
tion. These signs in a patient with an abdominal 
aneurysm should alert the physician to the pos- 
sibility of slow retroperitoneal hemorrhage. 

BERNSTEIN 


Phelan, J. T., Bernatz, P. E., and DeWeerd, J. 
H.: Abdominal Aortic Aneurysm Associated 
with a Horseshoe Kidney: Report of Case. 
Proc. Staff Meet., Mayo Clin. 32: 77 (Feb. 
20), 1957. 
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In a patient with aneurysm of the distal aorta 
complicated by the presence of a horseshoe kid- 
ney it was possible to excise the aneurysm and to 
repair the aorta by insertion of an arterial homo- 
eraft without dividing the isthmus of the horse- 
shoe kidney. Some of the technical problems that 
might be anticipated are briefly reviewed, along 
with some of the surgical procedures that could be 
utilized in the management of such a ease. 


Son 


Kaindl, F. Mannheimer, E., Polsterer, P., and 
Thurnher, B.: Etiology of Edema in the Limbs. 
Ztschr. Kreislaufforsch. 46: 296 (April), 1957. 
In persons with edema of the leg after venous 

thrombosis injection of the lymph vessels with 

roentgenologic dye showed rarefaction of the 
valves and increased permeability of the vaseu- 
lar wall with extravasation. This finding is not 
present after ligation of the femoral vein or the 
inferior vena cava. Its most probable cause is 
that thrombophlebitis is usually aeeompanied by 

lvmphangiitis. The injection method is also im- 

portant in the differentiation between the hypo- 

plastie and the ectatie form of primary lymph 
vessel disease leading to edema of the leg. 


LEPESCHKIN 


Valenti, C.: Limb Edema of Pelvic Eticiogy in 
Women. Its Evaluation by Means of Pelvic 
Venography and a Lymphatic Function Test. 
Am. J. Obst. & Gynee. 73: 380 (Feb.), 1957. 
Loeal factors responsible for edema inelude 

fvmphatie blockade or venous obstruction. The 
clinical differentiation between these 2 con- 
ditions was aided by the use of venography and 
a lymphatie absorption test in a group of pa- 
tients recently subjected to surgery for uterine 
carcinoma or with pelvie malignant disease 
treated by irradiation. Venograms were obtained 
by means of injection of Neo-iopax in 14 patients. 
Lymphatie function was determined by measur- 
ing the rate of absorption of I’ albumin injected 
into the dorsum of the foot. This proceedure was 
performed in 10 control patients and 29 patients 
with pelvic carcinoma. The results indicated a 
high incidence of lymphedema in those patients 
who had received external irradiation to the pol- 
vis. Lymphadeneectomy performed during opera- 
tion for uterine carcinoma represented an im- 
portant cause of lymphedema in this group. The 
important factors in the production of leg edema 
of pelvie etiology include postoperative obstruc- 
tion of pelvie veins, creation of an extraperi- 
toneal dead space after lymphadenectomy and 
radiation therapy to the pelvis. 


SHUMAN 
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Lynn, R. B., and Modlin, M.: Observations on 
Prevention and Treatment of Gangrene of the 
Extremities in 211 Patients. Surg. Gynec. & 
Obst. 104: 99 (Jan.), 1957. 

In 211 patients, gangrene of the extremities 
was attributed to senile atherosclerosis in 107 
(including 2 patients with acute arterial throm- 
bosis), diabetic atherosclerosis in 31, trauma in 
17, thromboangiitis obliterans in 12, frostbite in 
11, Raynaud’s disease in 6, infection in 5, and to 
other causes in 22. Diabetic atherosclerotie gan- 
grene, as contrasted with that of the senile type, 
is more common in women; it attacks at an 
earlier age (averaging 67); it is more likely to 
be amenable to local amputation, probably be- 
cause the arterial obstruction tends to be more 
distally situated; and infection and ulceration 
are more frequent precursors than intermittent 
claudication. Gangrene of the upper extremities 
was most commonly due to Buerger’s disease and 
Raynaud’s disease was the second most common 
cause. Efforts toward gangrene prevention in- 
volved mainly the avoidance of physical trauma 
to the ischemie part and the avoidance of infee- 
tion and of smoking. Once gangrene occurred, 
amputation was required, and the indications for 
each of the 4 main types of lower extremity am- 
putation are described. Concomitant lumbar sym- 
pathectomy has been found helpful in some 
patients having amputations below the knee or 
distally. 

ROGERS 


Hunt, A. C., and Leys, D. G.: Generalized Ar- 
terial Calcification of Infancy. Brit. M. J. 1: 
385 (Feb. 16), 1957. 

Some 40 eases have been described of general- 
ized arterial ealeifieation in infants. Both sexes 
are affected. Death oceurs between the ages of 1 
day and 27 months, usually in the first 6 months. 
For a few hours or at the most a few days be- 
fore death, there are symptoms in the form of 
refusal of feedings, painful rapid respiration, 
abdominal distention, and heart failure. The elee- 
trocardiogram is likely to show evidences of 
acute myocardial infarction. The authors de- 
seribe a brother and sister, both of whom died 
of this disease at the age of 4 weeks. The cause 
of the disease is not known. Microscopically the 
calcification showed a remarkable predilection 
for the internal elastic lamina. The minimal 
lesion was a fine inerustation on each side of the 
elastie strands. 

McKvsiIck 


Myers, T. T.: Results and Technique of Stripping 
Operation for Varicose Veins. J. A. M. A. 163: 
87 (Jan. 12), 1957. 
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The surgical principles for treatment of vari- 
cose veins in the lower extremity are outlined. 
They are based on 2,600 stripping operations 
performed over a 5-year period, and on 510 see- 
ondary operations for persistent or recurrent 
varicosities. Follow-up studies show that excel- 
lent results with a minimum of secondary op- 
erations can be achieved by proper preparation 
of the patient, appropriate choice of anesthetics, 
and good after-eare. The stripping operation is 
the best method yet devised for the treatment of 
varicose veins. Properly performed it destroys 
the venous pattern and collateral veins so 
that recurrences or persistences are uncommon. 
Good or excellent results were obtained in 94 
per cent of the patients. 

KiTCHELL 


Prior, J. T., Buran, R. T., and Perl, T.: Chronic 
(Healed) Dissecting Aneurysms. J. Thoracic 
Surg. 33: 213 (Feb.), 1957. 

A small proportion of eases of dissection of the 
aorta are not associated with rapid death, but go 
on to some degree of healing. The authors present 
a detailed study of 5 such patients, with survival 
times from 63 days to several vears. The patho- 
logie findings varied from organizing intramural 
hematomas to double-barreled aortas (secondary 
endothelialized channels with elastification and 
subintimal proliferation). The authors stress the 
value of the chest roentgenogram in establishing 
the diagnosis in doubtful cases. When intimal eal- 
cification is present it becomes possible to esti- 
mate the thickness of the aortic wall. Thickness 
of 3 to 10 mm. is suggestive, and more than 1 em. 
is practically diagnostie. 

ENSELBERG 


Baker, C. G., and Finnegan, T. R. L.: Epilepsy 
and Mitral Stenosis. Brit. Heart J. 19: 159 
(April), 1957. 

The authors collected 22 patients with fits from 

a total of about 600 who were seen with mitral 
disease. In all but 4, the onset of fits occurred un- 
der circumstances most commonly associated with 
embolism. Cardiae disability was already present 
in all and severe in all but 2; atrial fibrillation 
was present in 12 and paroxysmal artial fibrilla- 
tion in 1; and mitral valvotomy had already been 
performed in 3. Fifteen of the 16 patients sub- 
jected to operation had tight mitral stenosis. The 
remaining patient, developed Jacksonian epilep- 
sy after operation. Only 1 of these 18 had a fam- 
ily history of epilepsy. It appears, therefore, that 
cerebral embolism is a common cause of fits. These 
fits respond to anticonvulsant therapy. 


SOLOFF 


ABSTRACTS 


Straffon, R. A., and Buxton, R. W.: Deep Vein 
Ligation in the Postphlebitic Extremity. Sur- 
gery 41: 471 (March), 1957. 

This paper reports the follow-up observations 
(1 to 12 years) of the results obtained in 45 
patients with femoral vein ligation, and in a 
small series, of patients after inferior vena cava, 
iliac and popliteal vein ligations for treatment of 
postphlebitie sequelae (pigmentation, edema, 
pain, or fatigue on exercise or at rest, ulceration, 
varicosities, and static dermatitis). A brief re- 
view of the pathophysiology and of the rationale 
of deep vein ligation in the postphlebitic extrem- 
itv is presented. The authors were unable to repro- 
duce the advantageous results reported by other 
surgeons. Meticulous attention to cleanliness of 
feet, elevation of legs when sitting, carefully fitted 
elastic support applied prior to rising, prompt in- 
terruption of dilated superficial veins and excision 
and grafting of ulcers that fail to respond to con- 
servative measures gave results more favorable 
than those obtained with the addition of deep 
vein ligation. The superiority of deep vein liga- 
tion over more conservative symptomatic and sup- 
portive measures was not apparent in this group 
of patients. 


BROTHERS 


Schoenmackers, J., and Vieten, H.: Blood Vessels 
of the Liver and Esophagus in Liver Disease 
with Portal Hypertension. Arch. Kreislaufforsch. 
25: 222 (Jan.), 1957. 

Esophageal varices have probably only a minor 
role as portacaval anastomoses, as they are sel- 
dom filled in angiography; paraesophageal veins, 
which can seareely be differentiated from sub- 
mucous veins in the roentgenogram, have a bet- 
ter connection to the caval circulation. The per- 
sistence of portal hypertension after operative 
creation of portacaval fistulas or in the presence 
of numerous wide portacaval anastomoses, dem- 
onstrated by postmortem angiography, ean be 
explained best by an active hepatie vasocon- 
striction, analogous to that responsible for sys- 
temic hypertension in renal ischemia. 


LEPESCHKIN 


Walker, R. M.: Portacaval Anastomosis. Lancet 

1: 57 (Jan. 12), 1957. 

In the hands of the author an end-to-side port- 
acaval anastomosis proved most effective in pre- 
venting the bleeding of esophageal varices. There 
were only 3 deaths in 56 cases. The most serious 
drawback to the operation is the encephalopathy 
that accompanies large shunts. 

McKusick 
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Paterson, M. W.: Ocular Changes in the Pulse- 
less Disease (Takayasu’s Disease: The Aortic 
Arch Syndrome). Scottish M. J. 2: 57 (Feb.), 
1957. 

A 25-vear-old woman with the aortie arch syn- 
drome probably on the basis of “young female 
arteritis” is described. The author emphasizes hy- 
persensitivity of the carotid body and elevated 
erythrocyte sedimentation rate. The characteris- 
tie changes in the eye inelude granularity of the 
blood column in the retinal vessels, the pro- 
gressive formation of arteriovenous anastomoses 
around the optie disk, and cataract. In the ease 
described, pronounced eye changes developed in 
the course of 7 months. 


McKwsick 


Valaitis, J., Pilz, C. G., and Montgomery, M. M.: 
Aortitis with Aortic Valve Insufficiency in 
Rheumatoid Arthritis. Arch. Path. 63: 207 
Mareh), 1957. 

An unusual type of aortitis with aortie valvu- 
lar insufficiency occurring in a 38-year-old man 
with rheumatoid spondylitis is presented. The 
dilated root of the aorta showed several small 
aneurysmal outpouchings and marked transverse 
“tree bark’-like wrinkling of the intimal lining. 
The rolled aortie leaflets were inverted, and the 
aortic ring was also dilated. The microscopic 
findings were those of necrosis of tissue with 
foeal fragmentation of the elastica, preservation 
of the reticulum, ana cellular infiltration. These 
findings are interpreted as representing a modi- 
fication of the necrobiotie lesions of rheumatoid 
arthritis. Histologically, they ean be differ- 
entiated from the lesions of syphilis and those 
of rheumatie fever. The described deformities of 
the aorta and aortie valve, the authors believe, 
are caused by fibrosis of necrobiotie rheumatoid 
lesions. 

MAXWELL 


Blair, J. R., Schatzki, R., and Orr, K. D.: Se- 
quelae to Cold Injury in One Hundred Patients. 
J.A.M.A. 163: 1203 (Apr. 6), 1957. 

A follow-up study was earried out in this 
representative portion of frostbite vietims of 
the Korean war. The original injury involved 
both feet in 68, 1 foot in 21, the hands in 3, and 
the hands and feet in 8; tissue loss occurred 
in 88. Four years after injury, 91 men were 
employed gainfully although 56 of these were 
handicapped by sequelae of the injury. Most of 
them had persistent symptoms ineluding cold 
feet, pain, numbness, abnormal color, or exces- 
sive sweating although the severity did not cor- 
relate well with the physical findings. The lat- 
ter consisted of tissue loss, sears, thickened 
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ridged nails, erythrocyanosis (or depigmentation 
in Negroes), hyperhidrosis, and stiff joints. 
Roentgenographie changes consisted of early 
transient osteoporosis, mutilation of terminal 
phalanges, cyst-like defects of the bone near 
joint surfaces of fingers and toes, early transient 
periosteal new bone formation, and growth dis- 
turbances in patients having open epiphyses. 


ROGERS 


Lord, J. W., Jr.: Clinical Behavior and Operative 
Management of Popliteal Aneurysms. J. A. M. 
A. 163: 1102 (March 30), 1957. 

Popliteal aneurysm is an uncommon but seri- 
ous disorder that can be diagnosed readily by 
physical examination. It is seen mainly in elderly 
males and usually leads to one or more of these 
complications: neuralgia distally, popliteal venous 
compression or thrombosis with leg edema, aneu- 
rysmal thrombosis with or without embolism or 
gangrene, and rupture. Therefore, as soon as the 
aneurysm is diagnosed it should be treated sur- 
vically—by Matas’ endoaneurysmorrhaphy if the 
foot pulses are absent or if the patient is a poor 
surgical risk, otherwise by excision and grafting. 
Lumbar sympathectomy is frequently helpful as 
an adjunct to surgery. The results of these sur- 
gical procedures in the elective stage are general- 
ly excellent. 

ROGERS 


Pedowitz, P., and Perell, A.: Aneurysms Com- 
plicated by Pregnancy. Part II. Aneurysms of 
the Cerebral Vessels. Am. J. Obst. & Gynec. 
73: 736 (April), 1957. 

Subarachnoid hemorrhage is described as the 
most common cerebrovascular accident associated 
with pregnaney. This condition is frequently sec- 
ondary to rupture of a cerebral aneurysm for 
which definite surgical treatment is possible. 
The clinical and pathologie features of 79 cases 
of probable or proved cerebral aneurysms, includ- 
ing 2 eases presented by authors, are diseussed. 
The most common loeation of intracranial aneu- 
rysms is at the angle of bifureation of the ves- 
sels of the cirele of Willis or in the proximal 
parts of its branches; the next most common site 
is at the bifureation of the internal carotid ar- 
tery. The aneurysms are regarded as congenital 
in origin. With rupture of an intracranial aneu- 
rysm the symptoms of severe headache and 
vomiting together with neurologic abnormalities, 
convulsions, progressing to coma simulate the 
manifestations of eclampsia. The time of rupture 
in relation to gestation was the third trimester 
in 28 patients and during or within 24 hours 
postpartum in 19 patients. The diagnosis was 
established by spinal tap and by cerebral angi- 
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ography. Eleven patients were treated by surgical 
means, 6 during the course of pregnaney. There 
were no maternal or fetal deaths in this small 
group while the over-all maternal death rate was 
46 per cent. Concerning rupture of the aneu- 
rysm, the mechanism appears to lie in the hemo- 
dynamie changes associated with pregnancy 
rather than in the stress of labor. No conelusions 
could be reached concerning the ideal method of 
delivery for these patients. Future childbearing 
in non-surgieally treated cases must be econsid- 
ered individually for each patient. 
SHUMAN 


Pedowitz, P., and Perell, A.: Aneurysms Com- 
plicated by Pregnancy. Part 1. Aneurysms of 
the Aorta and Its Major Branches. Am. J. 
Obst. & Gynee. 73: 720 (April), 1957. 
Aneurysm of the aorta and major branches 

of the abdominal aorta are serious complications 

of pregnaney because of the danger of rupture 
occurring during the gravid state. Two patients 
with aneurysm of the aorta associated with preg- 
nancy are reported with an analysis of 29 cases 
of fusiform or saceular aortic aneurysm, 48 of 
dissecting aortic aneurysms, 35 of splenic, 10 of 
renal, and 5 of iliae arteries presented from the 
literature. The important etiologie factors in the 
formation of aneurysms found in the pregnant 
patient were anomalies of the aorta and syphilis. 

Hypertension was regarded as an important pre- 

cipitating factor influencing the formation of 

dissecting aneurysms in a diseased aorta with 
medical necrosis. 

Rupture of the aneurysm was rare in the first 
trimester and reached the peak incidence during 
the third trimester at the time of the physiologic 
increase in cardiac output and blood volume. The 
stress of labor did not appear as an important 
precipitant of rupture. The clinical features of 
ruptured aneurysm of branches of the abdom- 
inal aorta are indistinguishable from other types 
of acute abdominal catastrophe. Many obstetric 
complications may simulate this condition and 
are more frequently encountered. Surgical eor- 
rection of sacculated or fusiform aneurysm or of 
coarctation of the aorta offers the best hope of 
decreasing maternal mortality associated with 
rupture of the aorta. 

SHUMAN 


Tyler, L. T., and Kaplan, I. W.: Paradoxic Gan- 
grene following Lumbar Sympathectomy. 
South. M. J. 50: 63 (Jan.), 1957. 

Three cases are described of gangrene oceur- 
ring almost immediately after lumbar sympa- 
thectomy for arteriosclerotic peripheral vascu- 
lar disease. The authors suggest that one group 
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of etiologic factors may be traction placed on 
the sympathetic chain during dissection at lum- 
bar sympathectomy. The authors add the simple 
procedure of injection of the sympathetic chain 
and ganglia with 1 per cent Novoeain. It is be- 
lieved that the chain and ganglia are temporarily 
anesthetized and not sensitive to the stimulation 
saused by traction and dissection. They suggest 
that this procedure may prevent the precipita- 
tion of gangrene in those patients with poor 
cireulation. 


W AIFE 


Steinberg, I.: Diagnosis of Arteriosclerotic Aneu- 
rysms of the Thoracic Aorta: Report of Six 
Cases. Ann. Int. Med. 46: 218 (Feb.), 1957. 

In recent years, more and more aneurysms of 
the thoracic aorta have been due to arterio- 
sclerosis. This is because the incidenecé of cardio- 
vascular syphilis is declining while longevity is 
increasing. Heretofore, discovery of aortie aneu- 
rysms was mostly of academic interest; wiring 
and cellophane wrapping having been of limited 
success. Newer surgical technies, especially ex- 
cision of the aneurysm and replacement with 
homologous aortic grafts, promise to be a more 
effective treatment. The early diagnosis of tho- 
racie aortic aneurysm is important, since duration 
of life, once symptoms begin, is apparently lim- 
ited. Roentgenography fortunately provides a 
significant elue by disclosing abnormal mediasti- 
nal or hilar shadows. If the vaseular nature of 
the lesions is obscure, contrast visualization of 
the thoracie aorta by the method of angioeardio- 
graphy will readily establish the diagnosis. Ar- 
teriosclerotic aortic an urysms may be asympto- 
matic, but often there is a history of hyperten- 
sion. When symptoms occur, the situation is om- 
inous. Backache may be due to erosion of the 
bodies of the dorsal vertebrae by the aneurysm; 
hoarseness can be caused by recurrent laryngeal 
nerve paralysis and hemoptysis can be caused 
by erosion or stenosis of a large pulmonary 
artery. In a small series of 6 cases diagnosed 
with the aid of angiocardiography and herein 
reported, the majority had symptoms due to the 
aneurysm; of these, 3 were dead within a year. 
Differentiation from mediastinal tumors may be 
difficult, if not impossible. It then becomes neces- 
sary to perform contrast studies of the cardio- 
vascular system. Angioeardiography can be de- 
pended upon to reveal saceular and fusiform 
aneurysms, as well as dilatation, tortuosity, un- 
folding, and congenital anomalies of the aorta. 
The diagnosis of arteriosclerotie aneurysms of 
the aorta depends upon the presence of a nega- 
tive history and a negative serologic test for syph- 
ilis in the older age groups and the location of 
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the aneurysm in the arch and descending por- 
tions. The absence of severe dilatation and a 
regular smooth ascending aorta are additional 
factors that favor the diagnosis of arterioscle- 
rosis. Sinee the treatment for syphilitie and 
arterioselerotie thoracic aneurysms is the same, 
the etiologie differentiation is often of only aca- 
demie interest. The decision to perform surgery 
for arteriosclerotiec thoracic aneurysms must take 
into account the advaneed age and the tendency 
for arteriosclerosis to occur elsewhere. In the 
heart, there may be coronary thrombosis or in- 
sufficiency; in the brain, cerebral thrombosis or 
hemiplegia; in the abdomen, aortie aneurysm or 
ocelusion; and in the lees, arterial oeelusion or 
insufficieney. Associated diseases like pulmonary 
fibrosis and emphysema, and kidney or liver dis- 
ease, also inerease the hazards of the surgical 
treatment. Despite all these, constant vigilance 
to detect the ease suitable for surgery is reeom- 
mended. Even though not enough time has elapsed 
to assess the results properly, excision of the 
aneurysm and replacement by a graft promise 
to be effective in prolonging life. 
WENDKOS 


OTHER SUBJECTS 
Lillington, G. A., Anderson, M. W., and Bran- 
denburg, R. O.: The Cardiorespiratory Syn- 
drome of Obesity. Dis. Chest. 32: 1 (July), 

1957. 

Eight patients were studied who presented a 
clinical syndrome eharacterized by extreme obes- 
ity, cyanosis, breathing irregularities, congestive 
heart failure, and a tendeney toward excessive 
lethargy and somnolence. Associated laboratory 
findings consisted of absolute polyeythemia, pul- 
monary hypertension, arterial hypoxemia, and 
hypereapnia; compensated respiratory acidosis, al- 
veolar hypoventilation, and abnormalities in the 
ventilatory tests of pulmonary function. In 4 
patients obesity and secondary polyeythemia 
were present without intrinsic pulmonary dis- 
ease. In 3 patients with primary pulmonary dis- 
ease, obesity was thought to have played a sig- 
nificant role in the development of hypoxemia 
and seeondsry polyeythemia. The last patient 
did not have polyeythemia, but pulmonary fune- 
tion tests suggested that he manifested the early 
stages of ventilatory impairment of obesity. The 
data suggested that the mechanical effect of 
obesity in increasing the work of breathing is 
probably the primary factor in the genesis of 
the significant alveolar hypoventilation. Appro- 
priate weight loss is accompanied by reversal of 
these complications even in those patients with 
primary pulmonary or ecardiae disease in whom 
the obesity acts as an aggravating factor. 

MAXWELL 
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Gilsanz, V., Vergara, A., and Gallego, M.: A New 
Method for Determining the Portal Circulation 
Time. A Spleen-Lung Ether Time. Arch. Int. 
Med. 99: 428 (March), 1957. 

The authors believe that the determination of 
the spleen-lung ether time is a more reliable, 
easier, and more precise procedure than spleno- 
portography for the study of the dynamics of 
the portal circulation. In normal subjects the 
spleen-lung ether time is approximately 1 or 2 
seconds less than the arm-lung ether time. In 
5 patients with cirrhosis of the Laennee type, 
the authors found a marked increase of the 
spleen-lung circulation time as compared with 
the arm-lung time. In 2 patients with biliary 
cirrhosis, the slowing of the portal circulation 
was not as marked as in the patient with eir- 
rhosis of the Laennee type, but it was, however, 
markedly increased in a patient with posthepa- 
titie cirrhosis, where the difference was very 
small (3 seeonds). In a patient with hemochro- 
matosis the spleen-lung time was somewhat more 
than double. In a patient with a metastatie neo- 
plasm of the liver the ether time was normai. 
In one patient with a clinical history of obseure 
abdominal pains that suggested recurrent pan- 
creatitis because of the finding of a prolonged 
spleen-lung time (ether), the authors were induced 
to study the case further, and hepatic biopsy final- 
ly proved that it was a ease of cirrhosis. 


BERNSTEIN 


Plotkin, Z.: The Syndrome of Gastroduodenal 
Disease Associated with Chronic Cor Pul- 
monale. [is. Chest 31: 195 (Feb.), 1957. 
The syndrome of gastroduodenal disease asso- 

ciated with pulmonary emphysema and chronic 

cor pulmonale is described. Of 65 cases of pul- 
monary emphysema with right heart disease on 
whom postmortem examinations were performed, 

21 revealed peptie uleer of the stomach and duo- 

denum, and 6 showed hypertrophic gastritis. A 

like number of ¢linical cases studied with x-rays 

of the upper gastrointestinal tract yielded a 30 

per cent ratio of peptie ulcers and a high inei- 

dence of gastritis. Almost all of these patients, 
with a few exceptions, did not have the history 
of pain typical of peptie uleer. Twenty-five per 
cent of these patients died from hemorrhage and 
perforation. The ulcers were frequently located 
on the lesser curvature of the stomach in the 
prepylorie area. In the absence of characteristic 
symptoms, lack of polyeythemia in a state of 

marked hypoxia might oceasionally serve as a 

diagnostic pointer for peptie ulcer or bleeding 

gastritis in the patient with chronic cor pul- 
monale. 


A discussion of the possible mechanisms by 
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which chronic cor pulmonale might lead to the 
development of peptic ulcer is presented. It is 
recommended that all patients of this group be 
subjected to x-ray studies and, if necessary, gas- 
troscopie examinations of the gastroduodenal 
tract. This is the only means of establishing a 
proper diagnosis and instituting early treatment 
in order to forestall serious complications. 


MAXWELL 


Brody, J. I., and Bellet, S.: The Use of Electric 
Shock Therapy in Patients with Cardiovascu- 
lar Disease. Am. J. M. Se. 233: 40 (Jan.), 
1957. 

The over-all incidence of death in electric 
shock therapy varies from 0.05 to 0.08 per cent. 
The ineidence of death in patients with and with- 
out cardiovascular disease receiving electric 
shock therapy is not significantly different. Three 
of the 4 patients dying during electrie shock 
therapy at the Philadelphia General Hospital 
had no cardiovascular disease. Cardiovascular 
patients may receive electric shock therapy with 
little more risk than patients showing no evi- 
dence of such disease. Hypertensive and arterio- 
sclerotic cardiovascular disease are not contra- 
indications to therapy in the absence of an acute 
process such as myocardial infarction or throm- 
bophlebitis. Mechanical failure of the heart is 


the main cause of death with arrhythmias play- 
ing a secondary role. Prophylaxis should inelude 
musele relaxants and antiarrhythmic drugs to 
modify the convulsions. The pathologie physi- 
ology of the cardiovascular system during elee- 
tric shock therapy is discussed. 


Harris 


Marks, A., Cugel, D. W., Cadigan, J. B., and 
Gaensler, E. A.: Clinical Determination of the 
Diffusion Capacity of the Lungs. Comparison 
of Methods in Normal Subjects and Patients 
with “Alveolar-Capillary Block” Syndrome. 
Am. J. Med. 22: 51 (Jan.), 1957. 

This study undertakes to compare in 33 pa- 
tients with alveolar-capillary block syndrome and 
13 normal volunteers, the diffusion capacity of 
the lungs at rest measured by 3 different methods 
utilizing carbon monoxide [Dco] (steady state, 
single breath, fraction removed) and by direct 
caleulation from 2-level alveolar-arterial oxygen 
“gradients” [Do.]. The steady state Dco averaged 
19.5 ml. per minute per mm. Hg for normal sub- 
jects and 7.0 ml. for the patients without over- 
lap. The single breath Dco averaged 30.2 ml. per 
minute per mm. Hg and 16.8, respectively with 
some overlap. The fraction removed (Fco) was 
more than 50 per cent in all but 1 normal and 
less than 50 per cent in all but 1 patient. The 
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mean Do, of 9.1 ml. per minute per mm. Hg com- 
pared well with the mean steady state Dco of 
7.9. Both Dco methods were more easily per- 
formed than the direct Do. method but only the 
steady-state technic gave comparable values. The 
single breath Dco test may prove useful in 
sereening for impaired diffusion but a normal 
value does not rule out alveolar-capillary block. 


KURLAND 


Kazmeier, F., Schild, W., Voigt, H. J., and 
Heymanns, E.: Simple Circulatory Studies in 
450 Miners and Their Statistical Analysis. 
Arch. Kreislaufforseh. 25: 178 (Jan.), 1957. 
In 250 miners with silicosis the blood pressure 

was significantly higher than in 200 miners with- 
out silicosis; the incidence of right axis deviation 
in the electrocardiogram was about the same, 
while abnormal electrocardiograms and_ballisto- 
eardiograms were significantly more common, 
especially in the older persons. The total inci- 
dence of abnormal circulatory findings, expressed 
in points, increased with the age and degree of 
hypertension; it showed no relation to the electro- 
eardiographie findings, but a highly significant 
correlation with the ballistocardiographie abnor- 
malities. 


LEPESCHKIN 


Kaindl, F., Mannheimer, E., Polsterer, P., and 
Thurnher, B.: Delineation and Functional Be- 
havior of the Lymphatic Vessels in Human 
Extremities. Ztschr. Kreislaufforsch. 46: 296 
(Feb.), 1957. 

Subcutaneous injection of Prontosil or patent 
blue enables recognition of the superficial lym- 
phatie vessels; migration of the dye for 20 em. 
requires an average of 12 minutes. Dissection of 
the colored lymph vessel and injection of roent- 
genologie dye directly into it enable visualization 
of the particular vessel and the corresponding 
lymph nodes. 


LEPESCHKIN 


Taylor, G. W., Kinmonth, J. B., Rollinson, E., 
Rotblat, J. and Francis, G. E.: Lymphatic Cir- 
culation Studied with Radioactive Plasma Pro- 
tein. Brit. M. J. 1: 13 (Jan. 19), 1957. 

The behavior of I-labeled plasma protein in- 
jected into the subcutaneous tissues of the limbs 
of human subjects and animals was consistent 
with removal by the lymphatie route. The re- 
moval was slower in patients with lymphedema. 
In normal subjects it was hastened by exercise. 
Direct absorption into the blood occurred only in 
animals after traumatic destruction of the lym- 
phatic pathway. 


McKusick 
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AHA SCIENTIFIC SESSIONS TO 
EMPHASIZE PHYSICIANS’ 
USE OF RESEARCH DATA 


A program that will place greater empha- 
sis on the practical application by physicians 
f findings in cardiovascular research is be- 
ing planned for the 31st Annual Scientific 
Sessions of the American Heart Association. 
The Sessions will be held from Friday, Oc- 
tober 24 through Sunday, October 26 at the 
Civie Center, San Francisco. The 1958 
Scientific Sessions will commemorate the 10th 
anniversary of the American Heart Associa- 
tion as a national voluntary health agency. 

Tentative plans inelude an all-day pro- 
gram on clinical orientation for the practic- 
ing physician to be sponsored by the’ Asso- 
ciation’s Council on Clinical Cardiology. The 
session will be aimed at bringing to the prac- 
ticing physician the results of research which 
he will find most useful in every-day practice. 

Several joint sessions are being planned 
with the American Society for the Study of 
Arteriosclerosis which has scheduled its An- 
nual Meeting to coincide with the Heart As- 
sociation’s Secientifie Sessions. 


Applications for the presentation of papers 
x for scientific exhibit space at the Sessions 
may be obtained by writing to F. J. Lewy, 
M.D., Assistant Medical Director of the Amer- 
ican Heart Association. Applications will be 
processed by the Association’s Committee on 


Scientific Sessions Program. Papers in- 
tended for presentation must be based on 
riginal investigations in, or related to, the 
‘ardiovascular field. 

Abstracts of papers must be limited to 250 
words or less to be submitted on official forms 
provided by the Association before June 13, 
1958. They should contain in summary form 
the results obtained and the conclusions 
reached. 


All applications for space for scientific and 
technical exhibits must be filed with the As- 
sociation through Dr. Lewy not later than 
June 13, 1958. 


AGENCY WILL ARRANGE TRAVEL 
TO WORLD CARDIOLOGY CONGRESS 


Travel arrangements to and from the Third 
World Congress of Cardiology in Brussels, 
September 14-21, may be made by writing to 
the Convoys Travel Service, 1133 Broadway, 
New York, N. Y. The agency also will supply 
travel information and make arrangements 
for tours before the Congress or following it. 
All other information regarding the Congress 
may be cbtained from Dr. F. Van Dooren, 
Secretary of the Congress, 80 Rue Mereelis, 
Brussels, Belgium. 


DR. PAUL D. WHITE ISSUES 
HEART MONTH MESSAGE 


Paul Dudley White, M.D., of Boston, in a 
message marking February as American Heart 
Month, said that ‘‘the partnership of the 
medical profession and the public, and the 
strength of voluntary support, are vital for 
the advancement of scientific research which 
during the past ten years has scored dramatic 
achievements in the prevention and treatment 
of cardiovascular diseases. ’’ 

Dr. White is serving as Honorary Co-Chair- 
man of the 1958 national Heart Fund cam- 
paign. Mrs. Dwight D. Eisenhower is Hon- 
orary Chairman of the drive. 

‘‘During its first decade as a voluntary 
health agency, the American Heart Associa- 
tion has forged a great partnership of the 
medical profession, the scientists and the pub- 
lie to help conquer diseases of the heart and 
blood vessels, the leading cause of death and 
disability in our nation today,’ the Presi- 


dent’s heart consultant said. ‘‘ Voluntary 
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citizen action, from which the Heart Asso- 
ciation draws its strength, is a particular 
characteristic of our democracy. Through 
the research, education and community serv- 
ice programs of the Heart Association, indi- 
vidual citizens are given an opportunity to 
take positive action in many practical ways 
against a disease that so closely affects the 
lives and happiness of every family.”’ 


RENEW SUBSCRIPTIONS THROUGH 
GRUNE AND STRATTON, INC. 


Subscription renewals for Circulation and 
Circulation Research, official journals of 
the American Heart Association, should 
be made directly through the publisher, 
Grune and Stratton, Ine., 381 Fourth 
Avenue, New York 16, N.Y. Subscribers 
who are either members or non-members of 
the American Heart Association may re- 
new their subscriptions in this manner. 


MEETING IS SCHEDULED ON 
RHEUMATIC FEVER PROGRAMS 


A national meeting on the subject of sec- 
ondary rheumatic fever prevention programs, 
with attendance by invitation, will be held 
on March 9 through Mareh 11, in Chicago. Co- 
sponsors of the meeting will be the American 
Heart Association and the U.S. Public Health 
Service. .Discussion will cover organization 
and administration of rheumatie fever pre- 
vention programs; the roles of various organ- 
izations interested in the problem; methods 
of obtaining acceptance of the program; case- 
finding, plan of the case-registry and other 
follow-up practices; research aspects; and 
methods of financing and obtaining staff. 


BOOK ON RHEUMATIC FEVER 
BROUGHT UP TO DATE 


A completely revised edition of the book 
‘‘Epidemiology of Rheumatic Fever’’ by 
John R. Paul, M.D., Professor of Preventive 
Medicine at Yale University School of Medi- 
cine, has been prepared with the assistance of 
an ad hoe Advisory Committee of the Ameri- 


AMERICAN HEART ASSOCIATION 


can Heart Association’s Council on Rheumatie 
Fever and Congenital Heart Disease. Com- 
pletely rewritten in the light of recent knowl- 
edge on the spread and causes of rheumatic 
fever, the 187-page volume contains informa- 
tion of particular value to pediatricians, 
health officers and rheumatie fever commit- 
tees. It is available through local Heart As- 
sociations or the national AHA office at $5.00 
a copy. 


ENTRIES FOR BLAKESLEE AWARDS 
NOW BEING ACCEPTED 


Entry blanks and instructions for entering 
the Howard W. Blakeslee Awards competi- 
tion of the American Heart Association, pre- 
sented annually for outstanding reporting in 
the mass media on heart and circulatory dis- 
eases, may be obtained from the Associa- 
tion’s national office, 44 East 23rd Street, 
New York 10, N. Y. May 1 is the closing 
date for submitting entries. 

Selections will be made by the Heart As- 
sociation’s Awards Committee from among 
newspaper and magazine articles, books, radio 
and television programs and films published 
or produced between March 1, 1957 and Feb- 
ruary 28, 1958. The Awards, each of which 
carries a minimum honorarium of $500, will 
be presented next fall. 


NEW HEART FILM AVAILABLE 


A new motion picture, ‘‘Take Three 
ITearts,’’ which shows how the physician and 
the Heart Association can help patients suffer- 
ing from heart and cireulatory diseases, has 
been issued by the American Heart Associa- 
tion. The 16 mm. black and white sound 
film runs approximately 27 minutes. It is 
available from local Heart Associations or 
from the national office of the AHA. 


“YOU AND YOUR HEART” 
BOOK IS REVISED 


Particularly suited for distribution by phy- 
sicians to their patients is the new revised 
paper-bound edition of ‘‘You and Your 
Heart,’’ published by the New American Li- 
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brary. Intended for the layman, the volume 
includes the latest medical findings on dis- 
eases of the heart and blood vessels. Writ- 
ten chiefly by H. M. Marvin, M.D., the book 
contains a foreword by Paul D. White, M.D. 
and chapters by the late T. Duckett Jones, 
M.D., Irvine H. Page, M.D., Irving S. Wright, 
M.D. and Maclyn McCarty, M.D. Copies are 
available from local Heart Associations or 
the national AHA office at 50¢ each. 


MEETINGS CALENDAR 


Mareh 9-14: International College of Surgeons, 
11th Biennial Congress, Los Angeles. Karl A. 
Meyer, M.D., 1516 Lake Shore Drive, Chicago 
10, Til. 

Mareh 10-13: Southeastern Surgical Congress, 
Baltimore. B. T. Beasley, M.D., 45 Edgewood 
Avenue, S.E., Atlanta 3, Ga. 

March 20-22: Chicago Heart Association, Confer- 
ence on Pulmonary Circulation, Chicago. 
Wright Adams, M.D., Department of Medicine, 
University of Chicago, Chicago, Ill. 

March 24-27: American Academy of General 


Practice, 10th Annual Scientifie Assembly, Dal- 
las.. Mae F. Cahal, Volker B’lvd. at Brookside, 
Kansas City 12, Mo. 

March 29-30: American Psychosomatic Society, 


Cincinnati. Morton F. Reiser, 55 Madison 
Avenue, New York 22, N. Y. 

April 16-18 American Surgical Association, New 
York. R. E. Gilchrist, 59 E. Madison Street, 
Chicago 3, II. 

April 24-26: Fifth International Congress of In- 
ternal Medicine, Philadelphia. E. R. Loveland, 
4200 Pine Street, Philadelphia 4, Pa. 
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April 28—May 2: American College of Physicians, 
Atlantic City. E. R. Loveland, 4200 Pine Street, 
Philadelphia 4, Pa. 

May 1-4: Student American Medical Association, 
Chicago. Russell F. Staudacher, 510 N. Dear- 
born, Chicago 10, III. 

May 4: American Federation for Clinical Re- 
search, Atlantic City. William W. Stead, VA 
Hospital, Minneapolis 17, Minn. 

May 5: American Society for Clinical Investiga- 
tion, Atlantic City. S. J. Farber, 550 First 
Avenue, New York 16, N. Y. 

May 6-7: Association of American Physicians, 
Atlantie City. P. R. Beeson, Yale University 
School of Medicine, New Haven 11, Conn. 

May 8-9: American Pediatrie Society, Atlantic 
City. A. C. McGuinness, 2800 Quebee Street 
N.W., Washington 8, D.C. 

June 19-22: American Medical Womens Associa- 
tion, San Francisco. Miss L. T. Majally, 1790 
Broadway, New York 19, N. Y. 

June 23-27: American Medical Association, San 
Francisco. George F. Lull, 535 N. Dearborn, 
Chicago 10, Ill. 


ABROAD 


April 16-19: International Academy of Legal 
Medicine and Social Medicine, 50th Interna- 
tional Congress, Madrid. Prof. B. Piga, Pro- 
fessor of Legal Medicine, Madrid University, 
Madrid, Spain. 


July 15-21: Medical Women’s International As- 


sociation, London. J. Aitken, M.D., 30A Acacia 
Road, London, N.W. 8, England. 

September 14-21: Third World Congress of Car- 
diology, Brussels. Dr. F. Van Dooren, 80 Rue 
Mereelis, Brussels, Belgium. 
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